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Sir: 

DECLARATION OF JEAN-MICHEL ALONSO. M.D.. PH.D.. 
UNDER 37 C.F.R.S 1.132 

I, Jean-Michel Alonso, M.D., Ph.D., do hereby make the following 
declaration: 

1 . My curriculum vitae, and a list of publications that I have authored or 
coauthored, is attached hereto as Exhibit A. 

2. As shown on my curriculum vitae, I have extensive experience in 
field of molecular genetics of pathogenic bacteria. I have been employed at 
Institut Pasteur in Paris, France, since 1978. Since 1998 I have been head of the 
Neisseria Unit at Institut Pasteur and of the French National Reference Center for 
the Meningococci. 
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3. During the period of 1983-1988 I was Head of the Bordetella 
laboratory in the Bacterial Ecology Unit, Department of Bacteriology and 
Mycology, at Institut Pasteur. During that period, my work was focused on the use 
of bacterial molecular genetics to understand bacterial virulence factors, and the 
immunogenicity of bacterial antigens. 

4. On information and belief, attached hereto as Exhibit B is a copy of 
U.S. patent application Serial No. 08/466,698 ("the '698 application"). 

5. I have read and understood the contents of the attached copy of the 
'698 application. 

6. On information and belief, the '698 application was filed on June 6, 

1995. 

7. On information and belief, the '698 application claims the benefit of 
priority of European Patent Application Serial No. 88 401 842.5, which was filed on 
July 15, 1988. 

8. On information and belief, attached hereto as Exhibit Cis a copy of 
"Proposed Claims for U.S. Patent Application Serial No. 08/466,698" ("the 
proposed claims"). 

9. On information and belief, attached hereto as Exhibit D is a copy of a 
journal article published in the August 15, 1986, issue of Cell , authored by Makino 
et al., and entitled "A Genetic Determinant Required for Continuous Reinfection of 
Adjacent Cells on Large Plasmid in S. flexneri 2a" ("Makino"). 

10.1 have read and understood the contents of the attached copy of 
Makino. 
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11. I am submitting this Declaration to explain the phenotypic 
characterization of virG mutant S. flexneri described in Makino. (Because virG 
and icsA are different names for the same gene, and because the '698 application 
and the proposed claims refer to the gene as icsA, I will refer to the gene as icsA 
throughout this Declaration, including in reference to Makino.) In particular, I will 
explain the significance of the phenotypic characterization provided by Makino to 
the suitability of a modified Shigella comprising an inactivated icsA for use in 
making a vaccine against a wild strain of Shigella. 

12. Makino discloses a modified Shigella, comprising an icsA gene 
inactivated by insertion of a transposon (an "inactivated icsA gene"). (Exhibit D at 
page 554.) According to Makino, Shigella comprising an inactivated icsA gene 
can invade host cells and multiply within host cells, "but do not proceed further." 
(Exhibit D at page 554, left column.) Specifically, Makino describes Shigella 
comprising an inactivated icsA gene as being "extinguished before they can 
spread and infect adjacent cells." (Exhibit D at page 551 , right column.) Thus, 
according to Makino, Shigella comprising an inactivated /cs>A gene retain the ability 
to invade host cells, but have lost the ability to spread from infected to uninfected 
host cells. 

13. Makino also notes that, "[ajlthough multiplication occurs, the 
[Shigella comprising an inactivated icsA gene] lack active movement, show a 
tendency to localize within the cytoplasm, are gradually converted to a spherical 
morphology, and are finally extinguished from the epithelia." (Exhibit D at page 
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554, left column.) Thus, according to Makino, Shigella comprising an inactivated 

icsA gene have also lost the ability to spread within infected host cells. 

14. The concept of a "live attenuated stain" was widely known as of July 
15, 1988. A live attenuated strain is a strain modified by mutation of one or more 
genes to eliminate its pathogenicity, but not the ability of the strain to elicit a 
protective immune response. Such strains were known as of July 15, 1988. For 
example, the "International Dictionary of Medicine and Biology", published in 1986, 
defined an "attenuated vaccine" at page 3083 as "A live bacterial or viral vaccine, 
carrying mutations that eliminate its pathogenicity but not its ability to elicit a 
protective immune response." (A copy of the relevant pages of International 
Dictionary of Medicine and Biology (1986) is attached hereto as Exhibit E.) 

15. As of July 15, 1988, it was known that making a live attenuated 
Shigella strain would require modifying a wild Shigella strain by mutating one or 
more genes required for pathogenicity of the wild strain, to create a modified strain 
that will invade and multiply in a host, but, unlike the corresponding wild strain, will 
not cause a disease pathology. It was appreciated that, while attenuation of the 
live attenuated strain is critical to render the strain non pathogenic, it is imperative 
that the strain retain some ability to invade, multiply, and spread within an 
inoculated host, so that the strain elicits a significant enough immune response to 
confer immunity to the wild strain to the host. 

16. For this reason, based on the teachings of Makino, I would not 
expect that a modified Shigella strain comprising an inactivated icsA gene would 
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be useful as a live attenuated strain for making a vaccine against the wild Shigella 

strain. 

17. I am aware that Makino states that modified Shigella strains 
comprising an inactivated icsA gene "may be a plausible candidate for a live 
vaccine against bacillary dysentery." (Exhibit D at page 554, left col.) I disagree 
with this statement. In fact, this assertion is clearly contrary to the description of 
the modified Shigella strain comprising an inactivated icsA gene provided by 
Makino. According to Makino, the modified strain is unable to survive in cells or 
tissues and does not spread within or between cells. For this reason, the strain 
would not be expected to elicit a robust immune response and would not be 
effective for making a vaccine. 

18. In summary, based on the disclosure in Makino, and based on what 
was known about the molecular genetics of pathogenic bacteria as of July 15, 
1988, 1 would not have been motivated to include an inactivated icsA gene in a 
modified Shigella strain for use in making a vaccine. To the contrary, I would have 
assumed that inclusion of an inactivated icsA gene in such a strain would have 
rendered it ineffective in making a vaccine against a wild strain of Shigella, 

19. I have read the Declaration of Stewart Thomas Cole, Ph.D., Under 
37 C.F.R. § 1.132, a copy of which is attached hereto as Exhibit F. 

20. The language in the proposed claims regarding modified Shigella 
comprising an inactivated icsA gene differs significantly from the description in 
Makino. I agree with the opinion of Dr. Cole, that the recitation of "[a] method for 
modifying a wild strain of an enteroinvasive Shigella to produce a modified strain 
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of Shigella that can not spread substantially within infected cells of a host and can 

not spread substantially from infected to uninfected cells of the host, for use in 

making a vaccine against the wild strain of Shigella, . . ," in the proposed claims, 

must mean that the ability of the strain to spread within infected host cells, and 

from infected to uninfected host cells, is substantially reduced; but that the ability 

of the strain to spread within infected host cells, and from infected to uninfected 

host cells, is clearly not abolished. If it were, the modified strain would not be 

useful to make a vaccine against the wild strain of Shigella, which, according to 

the language of the proposed claims is the purpose of the modified strain. 

21 . In view of this language, and in view of the description of modified 
Shigella comprising an inactivated icsA gene provided by the '698 application, I 
would conclude that a modified Shigella comprising an inactivated icsA gene 
would be useful to make a vaccine against a wild strain of Shigella, 

22. I further declare that all statements made herein of my own 
knowledge are true and that all statements made on information and belief are 
believed to be true, and further, that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 



Dated: 



By: 

Jean-Michel Alonso, M.D., Ph.D. 
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Sir: 

DECLARATION OF JEAN-MICHEL ALONSO. M.D.. PH.D.. 
UNDER 37 C.F.R.S 1.132 

I, Jean-Michel Alonso, M.D., Ph.D., do hereby make the following 
declaration: 

1 . My curriculum vitae, and a list of publications that I have authored or 
coauthored, is attached hereto as Exhibit A. 

2. As shown on my curriculum vitae, I have extensive experience in 
field of molecular genetics of pathogenic bacteria. I have been employed at 
Institut Pasteur in Paris, France, since 197^. Since 1998 I have been head of the 
Neisseria Unit at Institut Pasteur and of the French National Reference Center for 
the Meningococci. 



Customer No. 22,852 
In re Application No. 08/466,698 
Attorney Docl<et No. 02356.0043-02 

3. During the period of 1 983-1 988 I was Head of the Bordetella 
laboratory in the Bacterial Ecology Unit, Department of Bacteriology and 
Mycology, at Institut Pasteur. During that period, my work was focused on the use 
of bacterial molecular genetics to understand bacterial virulence factors, and the 
immunogenicity of bacterial antigens. 

4. On information and belief, attached hereto as Exhibit B is a copy of 
U.S. patent application Serial No. 08/466,698 ("the '698 application"). 

5. I have read and understood the contents of the attached copy of the 
'698 application. 

6. On information and belief, the '698 application was filed on June 6, 

1995. 

7. On information and belief, the '698 application claims the benefit of 
priority of European Patent Application Serial No. 88 401 842.5, which was filed on 
July 15, 1988. 

8. On information and belief, attached hereto as Exhibit C is a copy of 
"Proposed Claims for U.S. Patent Application Serial No. 08/466,698" ("the 
proposed claims"). 

9. On information and belief, attached hereto as Exhibit D is a copy of a 
journal article published in the August 15, 1986, issue of Cell, authored by Makino 
et al., and entitled "A Genetic Determinant Required for Continuous Reinfection of 
Adjacent Cells on Large Plasmid in S. flexneri 2a" ("Makino"). 

1 0. I have read and understood the contents of the attached copy of 
Makino. 
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11. I am submitting this Declaration to explain the phenotypic 
characterization of virG mutant S. ffexner/ described in IVIakino. (Because virG 
and icsA are different names for the same gene, and because the '698 application 
and the proposed claims refer to the gene as icsA, I will refer to the gene as icsA 
throughout this Declaration, including in reference to Makino.) In particular, I will 
explain the significance of the phenotypic characterization provided by Makino to 
the suitability of a modified Shigella comprising an inactivated IcsA for use in 
making a vaccine against a wild strain of Shigella, 

12. Makino discloses a modified Shigella, comprising an icsA gene 
inactivated by insertion of a transposon (an "inactivated icsA gene"). (Exhibit D at 
page 554.) According to Makino, Shigella comprising an inactivated icsA gene 
can invade host cells and multiply within host cells, "but do not proceed further." 
(Exhibit D at page 554, left column.) Specifically, Makino describes Shigella 
comprising an inactivated icsA gene as being "extinguished before they can 
spread and infect adjacent cells." (Exhibit D at page 551 , right column.) Thus, 
according to Makino, Shigella comprising an inactivated icsA gene retain the ability 
to invade host cells, but have lost the ability to spread from infected to uninfected 
host cells. 

13. Makino also notes that, "[a]lthough multiplication occurs, the 
[Shigella comprising an inactivated icsA gene] lack active movement, show a 
tendency to localize within the cytoplasm, are gradually converted to a spherical 
morphology, and are finally extinguished from the epithelia." (Exhibit D at page 
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554, left column.) Thus, according to Makino, Shigella comprising an inactivated 

icsA gene have also lost the ability to spread within infected host cells. 

14. The concept of a "live attenuated stain" was widely known as of July 

A 

15, 1988. A live attenuated strain is a strain modified by mutation of one or more 
genes to eliminate its pathogenicity, but not the ability of the strain to elicit a 
protective immune response. Such strains were known as of July 15, 1988. For 
example, the "International Dictionary of Medicine and Biology", published in 1986, 
defined an "attenuated vaccine" at page 3083 as "A live bacterial or viral vaccine, 
carrying mutations that eliminate its pathogenicity but not its ability to elicit a 
protective immune response." (A copy of the relevant pages of International 
Dictionary of Medicine and Biology (1986) is attached hereto as Exhibit E.) 

1 5. As of July 1 5, 1 988, it was known that making a live attenuated 
Shigella strain would require modifying a wild Shigella strain by mutating one or 
more genes required for pathogenicity of the wild strain, to create a modified strain 
that will invade and multiply in a host, but, unlike the corresponding wild strain, will 
not cause a disease pathology. It was appreciated that, while attenuation of the 
live attenuated strain is critical to render the strain non pathogenic, it is imperative 
that the strain retain some ability to invade, multiply, and spread within an 
inoculated host, so that the strain elicits a significant enough immune response to 
confer immunity to the wild strain to the host. 

16. For this reason, based on the teachings of Makino, I would not 
expect that a modified Shigella strain comprising an inactivated icsA gene would 
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be useful as a live attenuated strain for making a vaccine against the wild Shigella 

strain. 

17. I am aware that Makino states that modified Shigella strains 
comprising an inactivated icsA gene "may be a plausible candidate for a live 
vaccine against bacillary dysentery." (Exhibit D at page 554, left col.) I disagree 
with this statement. In fact, this assertion is clearly contrary to the description of 
the modified Shigella strain comprising an inactivated icsA gene provided by 
Makino. According to Makino, the modified strain is unable to survive in cells or 
tissues and does not spread within or between cells. For this reason, the strain 
would not be expected to elicit a robust immune response and would not be 
effective for making a vaccine. 

18. In summary, based on the disclosure in Makino, and based on what 
was known about the molecular genetics of pathogenic bacteria as of July 15, 
1988, I would not have been motivated to include an inactivated icsA gene in a 
modified Shigella strain for use in making a vaccine. To the contrary, I would have 
assumed that inclusion of an inactivated icsA gene in such a strain would have 
rendered it ineffective in making a vaccine against a wild strain of Shigella, 

19. I have read the Declaration of Stewart Thomas Cole, Ph.D., Under 
37 C.F.R. § 1 .1 32, a copy of which is attached hereto as Exhibit F. 

20. The language in the proposed claims regarding modified Shigella 
comprising an inactivated icsA gene differs significantly from the description in 
Makino. I agree with the opinion of Dr. Cole, that the recitation of "[a] method for 
modifying a wild strain of an enteroinvasive Shigella to produce a modified strain 



5 



Customer No. 22,852 
In re Application No. 08/466,698 
Attorney Docket No. 02356.0043-02 



of Shigella that can not spread substantially within infected cells of a host and can 
not spread substantially from infected to uninfected cells of the host, for use in 
making a vaccine against the wild strain of Shigella, . . ," in the proposed claims, 
must mean that the ability of the strain to spread within infected host cells, and 
from infected to uninfected host cells, is substantially reduced; but that the ability 
of the strain to spread within infected host cells, and from infected to uninfected 
host cells, is clearly not abolished. If it were, the modified strain would not be 
useful to make a vaccine against the wild strain of Shigella, which, according to 
the language of the proposed claims is the purpose of the modified strain. 

21 . In view of this language, and in view of the description of modified 
Shigella comprising an inactivated icsA gene provided by the *698 application, I 
would conclude that a modified Shigella comprising an inactivated icsA gene 
would be useful to make a vaccine against a wild strain of Shigella, 

22. I further declare that all statements made herein of my own 
knowledge are true and that all statements made on information and belief are 
believed to be true, and further, that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 
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SHORT CURRICULUM VITAE 

Jean-Michel ALONSO. MD, PhD, 60 year-old. widow, 2 children. 

Pfofessionai address: Neisseria Unit, Department of Molecular Medicine, institut Pasteur, 25- 

28 rue du Dr. Roux, 75724 Paris Cedex 15, France. 

Tel: 33 1 45 68 83 30; Fax: 33 1 40 61 30 34; E-maii: im3bnsQ@pasteu r.fr 

Personal address: 51 rue de Cornouailles, 78180 Montigny ie Bretonneux. 

Professional experience. 

. 1998, head of the Neisseria Unit. French National Reference Center for the Meningococci, 
. 1992-98; Director of the Clinical Research Laboratory, Director of the National Reference 
Center for Sexually Transmitted Diseases at the Institut Alfred Fournier. Paris, France. 
. 1988-92: Director of Research in Anti-Infective Immunotherapies, Direction of 
Biotechnologies of the National Blood Transfusion Center. Les Uiis, France, Head of the 
laboratories of cellular engineering, immunophysiology and experimental pathophysiology. 
. 1983-88: Head of the Bordetella laboratory in the Bacterial Ecology Unit, Department of 
Bacteriology and Mycology, Institut Pasteur. 

. 1972-83: Research scientist in the Plague Unit at the Institut Pasteur, Deputy-director of the 
National Reference Center for Yersinia. Pa$teurella and Fr^ncisella. 
. 1972: General practitioner, Sagneux. France. 

. 1970-71: Research Fellow in the Epidemiology Unit at the Institut Pasteur, then Head of the 
associated Plague laboratory in Nouakchott, Mauritania, duhng my military service. 

University Studies and degrees. 

Doctor of Medicine. Paris 6 University. 1971, 
Doctor es Sciences. Paris 11-Orsay University, 1988. 
Diploma of Genetic Engeneering, Paris 7 University, 1985. 
Certificate of General Epidemioiogy, Institut Pasteur, 1974. 

Certificates of General Immunology and of Immunology of Infections, Institut Pasteur, 1973. 
Certificates of Systematic Bacteriology and Virology, Institut Pasteur, 1972-73. 
Diploma of Tropical Medicine, Paris University, 1970. 

Five selected publications*. 

LAIonso JM, Vilmer E, Mazigh D. Mollaret, HH. Mechanisms of acquired resistance to 
plague in mice infected by Y0rsini& enterocolitica 03. Curr Microbiol 1980; 4: 117-22. 

2. Guiso N. Rocancourt M. Szatanik M, Alonso JM. Bordetella adenylate cyclase is a 
virulence associated factor and an immunoprotective antigen. Microb Pathogen 1989; 7: 373 
-80. 

3. Ramisse F, Binder P, Szatanik M, Alonso JM. Passive and active immunotherapy of 
experimental pneumococcal pneumonia by polyvalent human immunoglobulins or F(ab')2 
fragments administered intranasally. J Infect Dis 1995,173 :1 123-8. 

4. Taha MK. Parent Du Chatelet I, Schlumberger M, Sanou I. Djibo S, De Chabalier F. 
Alonso JM. Neisserii^ nmiingitidis serogroup W135 and A were equally prevalent among 
meningitis cases occurring at the end of the 2001 epidemics in Burkina Faso and Niger. J 
Clin Microbiol 2002; 40:1083-4. 

5. Alonso JM. Guiyoule A, Zarantonelli ML, Ramisse F. Pires R, Antignac A, Deghmane AE, 
Huerre M, Van Der Werf S. Taha MK. A model of meningococcal bacteremia after respiratory 
superinfection in influenza A virus-infected mice. FEMS Microbiol Lett. 2003;222:99-106. 

''out of 118 original research articles, 20 reviews, and 14 chapters in books or 
manuals. 
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LISTE DES PUBLICATIONS 

-ARTICLES ORIGINAUX : 

A. Revues a comite de lecture international . 

1. ALONSO JM, BERCOVIERH, DESTOMBES P, MOLLARET HH. Pouvoir pathogens experimental 
de Yersinia enterocolitica chez la souris athymique nude. Ann Microbiol (Inst Pasteur) ; 1975, 
126B : 187-99. 

2. BERCOVIER H, ALONSO JM, DESTOMBES P, MOLLARET HH. infection experimental de 
souris axeniques par Yersinia enterocolitica. Ann Microbiol (Inst. Pasteur). 1976; 127A:493-501. 

3. KARIMI Y, ALONSO JM, MOLLARET HH. Activite lytique du bacteriophage antipesteux vis a vis 
de certaines souches 6' Escherichia coli. Bull OMS 1976 ;53:480-1 . 

4. ALONSO JM, MAZIGH D, BERCOVIER H, MOLLARET HH. Infection experimentale de la souris 
par Yersinia enterocolitica, Devenir de I'inoculum chez des souris athymiques ou traitees par le 
cyclophosphamide. Ann Microbiol (Inst Pasteur) 1978;129B :27-36. 

5. ALONSO JM, JOSEPH-FRANCOIS A, MAZIGH D, BERCOVIER H, MOLLARET HH. Resistance a 
la peste de souris experimentalement infectees par Yersinia enterocolitica. Ann Microbiol (Inst 
Pasteur) 1978; 129 B :203-7. 

6. BERCOVIER H, BRAULT J, BARRE N, TREIGNIER M, ALONSO JM, MOLLARET HH. Biochemical, 
serological, and phage-type characteristics of 459 Yersinia strains isolated from a terrestrial 
ecosystem. Curr Microbiol 1978 ; 1: 353-7. 

7. SERVAN J, BRAULT J, ALONSO JM, BERCOVIER H, MOLLARET HH. Yersinia enterocolitica 
among small wild mammals in France. Comp Immunol Microbiol1979 ; 5 :323-33. 

8. MOLLARET HH, BERCOVIER H, ALONSO JM. Summary of the data received at the WHO 
Reference Center for Yersinia enterocolitica. Contr Microbiol Immunol 1979 ; 5 : 174-84. 

9. BERCOVIER H, ALONSO JM, BENTAIBA ZN, BRAULT J, MOLLARET HH. Contribution to the 
definition and the taxonomy of Yersinia enterocolitica. Contr Microbiol Immunol 1979 ; 5 : 12-22. 

10. ALONSO JM, BERCOVIER H, SERVAN J, MOLLARET HH. Contribution to the study of the 
ecology of Yersinia enterocolitica in France. Contr Microbiol Immunol 1979 ; 5 : 132-43. 

11. MAZIGH D, ALONSO JM, MOLLARET HK Cellular depletion in Peyer's patches after 
cyclophosphamide treatment In mice. Ann Microbiol (Inst Pasteur) 1979 ;130B;333-9 

12. ALONSO JM, VILMER E, MAZIGH D, MOLLARET HH. Mechanisms of acquired resistance to 
plague in mice infected by Yersinia enterocolitica 03. Curr Microbiol 1980 ;4 :1 17-22. 

13. BERCOVIER H, MOLLARET HH, ALONSO JM, BRAULT J, FANNING GR, STEIGERWALT AG, 
BRENNER,DJ. Intra- and interspecies relatedness of Yersinia pestis by DNA hybridization and its 
relationship to Yersinia pseudotuberculosis. Curr Microbiol 1980 ;4 :225-9. 

14. BRENNER DJ, BERCOVIER H, URSING J, ALONSO JM, STEIGERWALT AG, FANNING GR, 
CARTER GP, MOLLARET HH. Yersinia intermedia : a new species of Enterobacteriaceae 
composed of rhamnose positive, melibiose positive, raffinose positive strains (formeriy called 
Yersinia enterocolitica or y.enferoco//f/ca-l ike). Curr Microbiol 1980, 4 :207-12. 

15. BERCOVIER H, BRENNER DJ, URSING J, STEIGERWALT AG, FANNING GR, ALONSO JM, 
CARTER GP, MOLLARET HH. Characterization of Yersinia enterocolitica sensu stricto. Curr 
Microbiol 1980,4 : 201-6. 

16. BRENNER DJ, URSING J, BERCOVIER H, STEIGERWALT AG, FANNING GR, ALONSO JM, 
MOLLARET HH. Deoxyribonucleic acid relatedness in Yersinia enterocolitica and Yersinia 
enterocolitica-l'\ke organisms. Curr Microbiol 1980,4 : 195-200. 

17. CALVO C, BRAULT J, ALONSO JM, MOLLARET HH. New water bome bacteriophages active 
on Yersinia enterocolitica. AppI Environ Microbiol 1981 ; 42 : 35-8 

18. HURTREL B, ALONSO JM, LAGRANGE P, MOLLARET HH. Delayed-type hypersensitivity and 
acquired resistance to plague in mice immunized with killed Yersinia pestis and 
immunoregulators. Immunol 1981 ; 44 :297-304. 
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19. ALONSO JM. HURTREL B, MAZIGH D, CHALVIGNAC MA, MOLLARET HK Influence de la 
temperature de culture de Yersinia enterocolitica 03 sur son immunogenicite centre la peste. 
Ann Immunol (Inst Pasteur) 1981; 132D :213-23. 

20. ALONSO JM , HURTREL B, MAZIGH D, CHALVIGNAC MA, MOLLARET HH. Temperature- 
modulated immunogenicity to Yersinia pestis from Yersinia enterocolitica 03. Infect Immun 1982; 
36 * 423-5. 

21. MAZIGH D, ALONSO JM, MOLLARET HH. Simple method for demonstration of differential 
colony morphology of plasmid-associated virulent clones of Yersinia enterocoiitica. J Clin 
Microbiol 1983; 17 : 555-7. 

22. ROCOURT J, ALONSO JM, SEEUGER HPR. Vimlence comparee des cinq groupes 
genomiques de Listeria monocytogenes. Ann Microbiol (Inst Pasteur) 1983,134A :359-64. 

23. ALONSO JM, MEGRET F, BREZIN C, FRIEDMAN RL, ALOUF JE. Immune responses to the 
pertussis toxin in BALB/c and C57BI/6 mice. FEMS Microbiol Lett 1986; 36: 167-71, 

24. LE NIN S, ALONSO JM, BREZIN C, ROCANCOURT M, POUPEL O. Effects of antibodies to the 
filamentous hemagglutinin and the pertussis toxin of Bordetella pertussis on adherence and toxic 
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Tramsformed Shigella 



Background of the Invention 

This Invention relates to a method of modifying the 
genome of an entero- invasive wild strain of Shigella so 
that the strain cannot substantially invade cells and 



substantially within infected cells and between infected 
and non-infected cells of the host and cannot produce 
toxins which will kill substantial numbers of the hosts* 
cells. This invention particularly relates to such a 
modified strain of Shigella which can be used to immunize 
a host against the wild strain of Shigella > 

Shigellosis or bacillary dysentery is a disease that 
is endemic throughout the world. The disease presents a 
particularly serious public health problem in tropical 
regions and developing countries where Shigella 
dvsenteriae 1 and S. flexneri predominate. In 
industrialized countries, the principal etiologic agent 
is S. Sonne i although sporadic cases of shigellosis are 
encountered due to S • flexneri , S . boydii and certa in 
entero- invasive Escherichia coli . 

The primary step in the pathogenesis of bacillary 
dysentery is invasion of the human colonic mucosa by 
Shigella (23) . Mucosal invasion encompasses several steps 
which include penetration of the bacteria into epithelial 
cells, intracellular multiplication, killing of host 
cells, and final spreading to adjacent cells and to 
connective tissue (9, 41, 55, 56). The overall process 
which is usually limited to the mucosal surface leads to 
a strong inflammatory reaction which is responsible for 
abscesses and ulcerations (23, 41, 55). 

Even though dysentery is characteristic of 
shigellosis, it may be preceded by watery diarrhea. 
Diarrhea appears to be the result of disturbances in 



tissues of an infected 



host and cannot spread 



colonic reabsorption and increased jejunal secretion 
whereas dysentery is a purely colonic process (20, 41) . 
Systemic Mnifestations may also be observed in the 
course of shigellosis/ mainly in the cases due to S. 
5 dvsenteriae 1. These include toxic megacolon, leukemoid 

reactions and hemolytic-uremic syndrome ("HUS") . The 
latter is a major cause of mortality from shigellosis in 
developing areas (11, 22, 38) . 

The role of Shiga -toxin produced at high level by S. 
10 dvsenteriae 1 (6) and Shiga-like toxins ("SLT") produced 

at low level by S. f lexneri and S. sonnei (19, 30) in the 
four major stages of shigellosis (i.e., invasion of 
individual epithelial cells, tissue invasion, diarrhea 
and systemic symptoms) is not well understood. For review 
15 see O'Brien and Holmes (32). Plasmids of 180-220 

Xilobases ("kb") are essential in all Shigella species 
for invasion of individual epithelial cells (41, 42, 44). 
This includes entry, intracellular multiplication and 
early killing of host cells (4, 5, 46). The role of 
20 Shiga -toxin and SLT at this stage iis unclear. They do not 

appear to play a crucial role in intracellular 
multiplication and early killing (4, 12, 46). However 
none of the experiments which have been carried out has 
compared isogenic mutants in a relevant cell assay 
25 system. Recent evidence indicates that Shiga-toxin is 

cytotoxic for primary cultures of human colonic cells 
(27) . Tissue invasion requires additional chromosomally 
encoded products among which are smooth 
lipopolysaccharides ("LPS") (44, 57), the non- 
^0 characterized product of the Kcp locus (8, 44), and 

aerobactin (24, 28). A region of the S. flexneri 
chromosome necessary for fluid production in rabbit ileal 
loops has been localized to the rha - mtl regions and near 
35 the lysine decarboxylase locus (44). However, no evidence 

has been adduced to show that the ability to cause fluid 
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accvunulation is due to the SLT of S. flexneri . Thus, the 
role of Shiqa -toxin in causing the systemic complications 
of shigellosis is still hypothetical. However, Shiga - 
toxin can mediate vascular deuaage since capillary lesions 
^ observed in HUS resemble those observed in cerebral 

vessels of animals injected with this toxin (1, 2, 22). 

A mutant which lacks Shiga-toxin or SLT could 
indicate the role of these toxins in the disease process. 
S. dvsenteriae 1, which produces the highest amount of 
this cytotoxin, could be transformed into such a Shiga - 
toxin negative mutant ("Tox-") and could serve best to 
indicate the role of the toxin — despite Sekizaki et 
al*s (48) having obtained such a mutant which appeared as 
invasive in the HeLa cell assay and the Sereny test (49) 
as the wild strain. More importantly, such a Tox" mutant 
could be used to make a mutant which could not invade, 
and then multiply substantially within, cells of a host 
and also could not spread substantially within the host's 
infected cells and from there to the host's uninfected 
cells and also could not produce toxins which would kill 
subtantial numbers of infected, as well as uninfected, 
host cells. As a result, the Tox' mutant could be used to 
immunize a host against a wild strain of the Shigella . 

25 SUMMARY OF THE INVENTION 

A Tox" mutant of a wild strain of S. dvsenteriae 1 
is genetically engineered by allelic exchange with an in 
vitro mutagenized Shiga -toxin gene. The effect of this 
mutation in cell assay systems and animals shows that the 

30 mutant can be genetically engineered further to provide a 

mutant which cannot substantially invade and then spread 
within and between host cells and cannot produce Shiga - 
toxins in host cells. 

35 
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Also in accordance with the invention, the Tox" 
mutant of the wild strain of S. dvsenteriae 1 is 
genetically engineered further by allelic exchange with: 

a) an in vitro mutagen i zed gene of S. 
dvsenteriae 1 which encodes a protein necessary 
for S. dvsenteriae 1 to invade a host's cells, 
as well as tissues, such as a gene which codes 
for a protein necessary for the chelation of 
iron and/or the transport of iron into S, 
dvsenteriae 1 (e.g,, an enterobactin or 
enterochelin gene of S. dvsenteriae 1) ; and 

b) an in vitro mutagen i zed gene of S. 
dvsenteriae 1 which encodes a protein necessary 
for S. dvsenteriae 1 to spread within infected 
cells and between infected and uninfected 
cells, such as an intra-intercellular spread 
gene (e.g., an ics A or vir G gene) . 

Further in accordance with this invention, a mutant 
of a wild strain of S. flexneri is genetically engineered 
by allelic exchange with: a) an in vitro mutagen i zed gene 
of S. flexneri which encodes a protein necessary for S. 
flexneri to invade a host's cells, as well as tissues, 
such as a gene which codes for a protein necessary for 
the chelation of iron and/or the transport of iron into 
S. flexneri (e.g., an aerobactin gene of S. flexneri ) ; 
and b) em in vitro mutagenized gene which encodes a 
protein necessary for S. flexneri to spread within and 
between the host's cells, such as an ics A gene. 

Still further in accordance with this invention, the 
mutants of Shigella of this invention are used for making 
vaccines against the wild strains of Shigella . 

BRIEF DESCRIPTION OF THE FIGURE 

The Figure shows schematically the cloning of the 
Shiga-toxin operon and ijQ vitro mutagenesis of the 



Shiga-toxin A sxibxinit gene in Example 2. In plasmlds 
PHS7201, PHS7202 and pHS7203 in the Figure: Solid lines 
indicate sequences from the A siibiinit gene; Stippled 
lines indicate B subunit gene sequences; and Stripped 
lines indicate sequences from the n insertion element. 

DETAILED DESCRIPTION OF THE INVENTION 

A method is provided for modifying a wild strain of 
an entero-invasive Shigella so that the modified strain 
can be used for making a vaccine against the wild strain 
of Shigella . The wild strain of Shigella is modified so 
that it cannot invade and then multiply substantially 
within infected cells of a host, particularly a human 
host, and cannot spread sxibstantially within infected 
cells and from infected to uninfected cells of the host 
and cannot produce toxins which will kill substantial 
nximbers of the host's infected, as well as uninfected, 
cells. The method involves transforming the genome, 
(e.g., the large virulence plasmid pHS7200) of the wild 
strain of Shigella , such as an S. flejmeri, so that 
gene(s) of the wild strain, coding for one or more 
proteins necessary for the strain to invade an infected 
host's cells, as well as tissues (e.g., an aerobactin 
gene) , amd coding for one or more proteins necessary for 
the strain to spread within and between the infected 
host's cells (e.g., an ics A gene [60, 61]), are wholly 
or partly removed or permanently inactivated, preferably 
at least partly removed. For transforming the genome of a 
wild strain such as a S. dvsenteriae 1, the method 
preferaJdly involves also wholly or partly removing or 
permanently inactivating, preferably at least partly 
removing, the gene(s), preferably just the A subunit 
gene, coding for Shiga -toxin. 

In the method of this invention, the genes of the 
wild strain of Shigella can be wholly or partly removed 



or permanently inactivated in a conventional manner, for 
example by allelic exchange with in vitro mutagenized 
genes/ at least significant portions of which preferably 
have been removed. In this regard, it is preferred that 
the mutagenized genes not be simply inactivated by means 
of transposons which are inserted into the genes and 
which can be lost by the genes when they are reproduced 
in vivo in subsequent Shigella generations when making 
vaccines of this invention. Rather, the mutagenized genes 
preferably have had significant portions thereof deleted, 
and suitable vaccine-compatible marker genes are 
preferably inserted within such deletions. Such marker 
genes permit so-transformed Shigella to be easily 
identified. The preferred marker genes are the heavy 
metal -resistance genes such as the mercury, arsenate, 
arsenite, antimony, cadmium, zinc and/or cobalt- 
resistance genes (62, 63, 64, 65). 

The cells of the modified strain can be cultured and 
then attenuated in a conventional manner. The cells can 
then be mixed with conventional pharmaceutical ly 
acceptable vehicles (e.g., an aqueous saline solution) 
and optionally with conventional excipients (e.g., a 
pharmaceutical ly acceptable detergent) to form a vaccine 
against the wild strain. The vaccine can be formulated to 
contain a final concentration of cell material in the 
range of 0.2 to 5 mg/ml, preferably 0.5 to 2 mg/ml. After 
formulation, the vaccine can be incorporated into a 
sterile container which is then sealed and stored at a 
low temperature (e.g., 4'C), or it can be freeze dried. 

In order to induce immunity in a human host to a 
wild strain of Shigella , one or more doses of the 
vaccine, suitably formulated, can be administered in 
doses containing about 10^-10^' lyophilized Shigella 
cells. The vaccine can be administered orally in a 
conventional manner. The treatment can consist of a 



single dose of vaccine or a plurality of doses over a 

period of time. 

The Examples, which follow, illustrate this 

invention. 

EXAMPLES 

Unless otherwise indicated, the cloning and 
transformation procedures and techniques used in the 
Examples are the same as are generally described in 
Maniatis et al, "Molecular Cloning — A Laboratory 
Manual", Cold Spring Harbor Laboratory (1982). 

The strains, used in Example 1-6, and their phage 
or plasmid content are set forth in Table I. 

Two media were used in the Examples; M9 minimal 
medium (NajHPO*. 12H2O: 15 g/1, KHjPO^: 3 g/1, NaCl: 0.5 
g/1, NH4CI: 1 g/1, MgS04.7H20 : 0 . 05 g/1) and Trypto Casein 
Soja Broth (Diagnostics Pasteur, Mames la Coquette, 
France) . 

Example 1 — Cloning of th e Shiaa-toxin operon 

Total DMA was prepared (50) from a wild type 
antibiotic-sensitive S. dvsenteriae 1 strain SC500 
obtained from Centre National de R6f6rence des Shigelles 
of Institut Pasteur, Paris, Prance. 10 ng of DMA were 
digested with Eco RI (Amersham, Buckinghamshire, UK) and 
loaded on a 0.7% agarose gel. Fragments ranging from 3.5 
to 4.5 kb were el ectroe luted. 0.1 ng of purified 
fragments was ligated to 1 ng of cos-ligated, EcoRI cut, 
dephosphorylated x GTll arms (Stratagene Cloning System, 
San Diego, USA) and packaged using Packagene System 
(Progema Biotec, Madison, USA) according to the suppliers 
recommendations. The packaged DNA was then transfected 
into E. coli Y1090(59). The x GTll bank was then 
screened with 13C4, a monoclonal antibody specific for 
the B subunit of SLTl (54) obtained from A.D. O'Brien, 



# 



U.S.U.S.H.i Bethesda, MD, USA. 10^ recombinant phages 
were plated on Y1090 in LB soft agar. Plates were 
incubated at 37 *C for 12 hours. A nitrocellulose filter 
(Schleicher and Schull, Dassel, FRG) , previously dipped 
^ into a 10 DM isopropylthiogalactoside ("IPTG") solution 

(Sigma, St Louis, NO, USA) was applied to the plate which 
was then incubated at 42 *C for 2.5 hours. The filter was 
removed from the plate and incubated 1 hour at 37 *C in 
PBS-milk (50 g/1 dehydrated low-fat milk in 1 x PBS) , 
washed five times with 1 x PBS, and incubated for 1 hour 
with the 13C4 monoclonal antibody in its non-diluted 
hybridoma cell supernatant. After five washes in PBS- 
milk, the filter was incubated 1 hour at 37 'C in PBS-milk 
containing a 1/200 dilution of sheep anti-mouse IgG 
antibody conjugated with alkaline phosphatase (Biosys, 
^ Compi^gne, France) . The filter was washed again in 1 x 

PBS and placed in the staining solution: 0.33 mg/1 
nitro-blue tetrazolium, 0.16 mg/1 5-bromo-4-chloro-3- 
indolyl phosphate (both compounds from Sigma) , 100 mN 
Tris HCl pH 9.5, 100 mM NaCl, 50 mM MgClj. Positive 
clones were plague purified and transfected into Y1089 
(59). DNA was then prepared from the lysogen (13). 
Subcloning was done in the Eco RI site of plasmid vector 
pUC8 in E. coli JM83 (58) . Subclones of E. coli JM83 were 
tested with monoclonal antibody 13C4 as described above 
with the following modifications: a dry nitrocellulose 
filter was applied onto the plate and 2ml of a 2mg/l 
polymyxin B solution in PBS were added on top of the 
filter. The plate was then incubated at 37 "C for 45 
minutes before starting PBS-milk incubation. Subclone 
PHS7201 in E. coli JM83, containing the B subunit of 
SLTl, was identified. 

Subclone pHS7201 of E. coli JM83 was found to have a 
35 stronger signal in colony immunoblot assay in the 

presence of 13C4 monoclonal antibody than parental strain 
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SC500 due to the gene dosage effect. A restriction map of 
the Shiqa -toxin coding region within pHS7201 was 
identical to that of SLTl (14). The A subunit gene was 
seen to possess a unique Hpa l site located 310 bp 
do%mstreaiii from the ATG starting codon where a cassette 
could be inserted as described in Example 2. 

Example 2 — In vitro mutagenesis of th e Shiga-toxin A 
subunit gene 

In subclone pHS7201, the entire Shiga -toxin operon 
is contained in a 4.2kb EcoRI DMA fragment. In vitro 
mutagenesis of the A subunit gene was done by inserting 
the interposon 0(37) which codes for spectinomycin 
resistance and is flanked on each side by T4 translation 
transcription stop-signals, n was purified as an Hindlll 
2kb fragment, and its ends were filled in by the Klenow 
fragment of DNA polymerase I. n was then ligated to Hpal 
linearized pHS7201 to generate the recombinant plasmid 
PHS7202 as shown in the Figure. The 6.2Jcb Eco RI fragment 
containing the mutagenized sequence was then purified and 
ligated with the EcoRI site of the suicide plasmid vector 
pJM703.1 (51) to generate recombinant plasmid pHS7203 as 
shown in the Figure. pJM703.1 replicates only if its 
deficient R6K origin is complemented in-trans by the pir 
function contained in the lambda phage integrated in the 
genome of E. coli SMIO (21) . This strain also contains 
the transfer genes of the broad host range IncP-type 
plasmid RP4 integrated in its chromosome. pJM703.1 can 
thus be mobilized by SMIO \ pir (21) because it contains 
the Mob site from RP4 (51). pHS7203 was thus stably 
maintained in strain SMIO x pir and was then conjugally 
transferred into wild type S. dvsenterlae 1 strain 
SC500. Matings were performed on cellophane membranes, 
selection was obtained by plating on M9 minimal medium 
supplemented with thiamine, methionine, tryptophan and 



nicotinic acid at a concentration of 10 ^q/ml each, 0.2% 
glucose and slo tig/ml spectinomycin. Colonies growing on 
selective medium were purified and identified as S* 
dysenteriae Ij by agglutination with a specific rabbit 
5 antiserum (Diagnostics Pasteur) . 

Allelic 'exchange between the wild-type chromosomal 
Shiqa -toxin gene and the in vitro mutagenized gene of 
Shiqa -toxin was shown by colony blot immtinoassay, using 
the monoclonal antibody 13C4 to detect S. dvsenteriae 1 
cells expressing a Tox- phenotype. 

The presence of the Tox' modification in the genomes 
of the S. dvsenteriae 1 cells was verified with a probe 
made from th^ 655 bp Hind lll- Hinc II fragment containing 
part of the 4 subunit gene and the entire B subunit gene 
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from the 



2 kb Eco RI fragment, described above, 
containing the entire Shiqa -toxin operon. The 2 kb 
Hind lll fragment, described above, containing the n 
interposon. Was also used as a probe (37). The DNA 
fragments, used as the probes, were labeled by nick- 
20 translation |(39) with ^p-labeled 5'-dCTP (Amersham) . 

Total DNA wa4 prepared from two Tox- clones and analyzed 
by hybridization with the Shiqa -toxin probe and the n 
probe. The DNA fragments were transferred from agarose 
gels to nitrocellulose filters (Schleicher and Schull) by 
25 the method Jf Southern (53). Hybridization was carried 

out at 65 'C overnight, and washing was done at 65 'C in 
6XSSC. The probes showed that the 4.2 kb EcoRI fragment 
from S. dvsenteriae 1 containing the toxin genes had been 



replaced in the Tox- mutants by the 6.2 kb fragment, 
^O which hybridized with both probes. This result showed 

that the flanking regions on each side of the mutagenized 



toxin gene 
counterparts 



in pHS7203 had recombined with their 
in the SC500 genome, thus replacing the 



35 wild-type A subunit gene by the mutated gene. 
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One of these Tox- clones, SC501, was selected for 

further study > and clone SC501 was deposited with the 

Centre Nationale de Cultures de Microorganismes of 

Institut Pasteur, Paris, France, under accession no. 
1-774, on June 30, 1988. 
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Example 3 -- iAssavs of cytotoxicity, orovrth within HeLa 
cells, macrophage detachment and toxicity in Rabbit ileal 
loop and in mbnlcey 
10 SC500 ahd SC501, as well as their non- invasive 

derivatives SC502 and SC503 respectively (obtained by the 
spontaneous-ciire (i.e., loss) of their large virulence 
plasmid pHS7200 which is necessary for invasion of 
cells) , were grown for 48 hours in 200 ml of iron- 
15 depleted medium. Glassware was pretreated with 6N HCl and 
rinsed exten'sively with iron free HjO. The medium 
contained M9 salts supplemented with 15 ^tg/ml CaCl2, 
5mg/ml casamino-acids, 2mg/ml glucose, 50 tig/nl thiamine, 
20 Mg/ml L-tryptophane, 10 /ig/ml nicotinic acid and 150 
20 Mg/ml human transferrin (Sigma) . The bacteria were washed 

twice in saline and resuspended in 3 ml of PBS. Lysozyme 
was added at! a final concentration of 0.2 mg/ml. After a 
30 minute- incvibat ion at room temperature (25 'C), 30 nl 
EDTA 0.5 M pks was added, and the cells were transferred 
25 to an ice bath and sonicated. Sonic extracts were 
filter-sterilized and kept frozen at -20 'C. Filter 
sterilized cialture supematants and bacterial extracts 
were assayed! for cytotoxicity on HeLa cells gro%m in 
minimal essential medium with Earle's salts and N- 
30 glutamine (Qibco, Paisley, Scotland, UK) supplemented 
with 10% foetlal calf serum (Gibco) . Serial dilutions were 
made in cell culture medium (100 mD in a microtitier 
plate. Each iell was inoculated with 2 x 10* cells in 100 
til. Plates wjere then incubated at 37 'C in 5% COj for 24 
hours. Neutrialization assays were performed both with a 



- 11 - 



rabbit polyclonal serum and the 13C4 Bonoclonal antibody. 
Plates were examined under light phase microscopy, then 
stained with Giemsa. Cytotoxicity was calculated as the 
cytotoxic dose 50% (CD50) per mg of protein of the 
extract. j 

Multiplication of bacteria within HeLa cells was 
assayed (46). j Non-confluent monolayers of HeLa cells in 
35 mm plastic tissue culture dishes (Becton Dickinson 
Labware, Oxnarjd, CA, USA) were inoculated with bacteria, 
resuspended iri 2 ml of minimum essential medium ("MEM", 
Gibco) at a i multiple of infection ("MDI") of 100, 
centrifuged fo|r 10 minutes at 2,200 x g and incubated for 
30 minutes ai 37 'C to allow entry. Plates were then 
washed three |times with Earle's Balanced Salt Solution 
("EBBS", Gibco) and covered with 2 ml of MEM with 
gentamicin (25 Mg/ml). This was defined as time 0 (To). 
After one houir of incubation at 37 'C, preparations were 
washed again, | with EBSS and covered with 2 ml of MEM 
without antibjiotic (Tl) . Incubation was continued for 
three more hojars (T1-T4) . Two plates were removed every 
hour. One plate was washed three times with EBSS and 
Giemsa staineia to calculate the percentage of infected 
HeLa cells. The other was washed five times with EBSS to 
eliminate viable extracellular bacteria. Cells were 
trypsinized, ! counted and lysed at 0.5% sodium 
deoxycholate |in distilled water. Dilutions were plated 
onto Trypticase Soy Agar. The average number of bacteria 
per infected HeLa cell was calculated. Experiments were 
repeated four times. Intracellular gro%rth curves were 
drawn and |the slope at exponent ional phase was 
calculated. 

Assay for macrophage detachment and killing was 
performed (4){ using J774 macrophages (52) maintained in 
RPMI 1640 (tlov Laboratories Inc., McLean, VA, USA) 
supplemented : with complement- inactivated foetal calf 



serum (Gibco) land 2 nM glutamine (Glbco) . Eighteen hours 
before infection, 7 x lO' macrophages in 35 mm plastic 
tissue culture dishes (Becton Dickinson Labware) were 
labeled in a jculture medium containing 0.5 fiCi of ['H] 
uridine per mi (Amersham) . Cells were washed three times 
with BBSS before addition of 1 ml of the bacterial 
suspension injRPMI 1640 at a MOI of 100. Infection was 
performed for one hour at 37 'C in 5% COj. Monolayers were 
then washed three times with BBSS (To) and covered for 
one hour at 37 'C in 5% COj with 2 ml of RPMI supplemented 
with 2 mM glutamine and gentamicin 25 Mg/ml (Tl) . Plates 
were then washed three times with BBSS and incubated in 
5% cOj for 3 more hours (T1-T4) at 37 'C in RPMI glucose 
without gentakicin. Two plates were removed every hour, 
cultures were washed three times with BBSS and the 
percentage of non viable macrophages among cells that 
still adhered' to the plastic surface was determined by 
trypan blue I staining. The percentage of residual 
macrophages %^as then determined by measuring the amount 
of radioactivity remaining in the dish. Adherent cells 
were lysed with 1 ml of 0.5% sodium deoxycholate in 
distilled witer and 100 Ml of this lysate was 
precipitated -and counted (4). 

Rabbit ikgated ileal loops of 10 cm were prepared in 
rabbits of ca. 2 leg which were anesthesized with 0.5 
ml/kg of 6% sodium pentobarbital. Inocula of lo' and 10* 
CFO in 1 ml 6f Trypticase Soy Broth were tested. Rabbits 
were sacrificed 18 hours later. Fluid accumulation within 
loops was recorded, and the volume-to-length ration 
("V/L") was jcalculated. Portions of infected loops were 
fixed in 10% buffered formalin. Specimens were processed 
by standard ; procedures and stained with hematoxylin- 
eosin-safranin. 

Eight rhesus monkeys weighing 3.5 to 4.5 kg were 
injected iintramascularly with 50 mg of ketamine 



chlorhydrate (imalgene 500, Rhfine M6rieux, Lyon, France). 
Each animal wis inoculated intragastrically with 1.5 x 
lO" of SC500 and SC501 microorganisms resuspended in 20 
ml of Trypticase Soy Broth and 14 g/1 sodium bicarbonate 
(50/50). Plating of the inoculum on Congo-red agar 
indicated that less than 1% of the bacteria in the 
inoculum had lost their invasive property (26). Stools 
were examined Idaily for diarrhea, presence of pus, mucus 
and blood, intensity of each of these symptoms was graded 
from 0 to 3+ every day. For each animal, the severity of 
a given symptom was expressed as an index which 
represented a sum of the accumulated for each 

symptom. Immediate autopsy was performed in monkeys who 
died of fulminant dysentery. Species ware processed as 
described aboye for rabbit tissues. 

RESULTS ' 

SMIO X pir (PHS7203) was noncytotoxic in the 
cytotoxicity assay. After con jugative transfer of pHS7203 
into S. dvsenteriae . clones that displayed the Amp« Spc" 
phenotype were tested in the colony immunoblot assay. 
Five per cent, displayed a Tox' phenotype. SC501 showed a 
cytotoxicity of 347 CD50/mg of protein, which was the 
same order of magnitude as that of well-}cnown E. coli K12 
(412 CD50/mg). Residual cytotoxicity from SC501 could not 
be neutralized by an anti-Shiaa-toxin polyclonal serum. 

The presence of the Tox- mutation in strain SC501 
did not significantly alter its capacity to grow 
intracellulariy within HeLa cells since its rate of 
exponential growth, expressed in generations/hour, was 
2.6 ±0.7 compared to 2.5 ± 0.6 for wild-type strain 
SC500. in addition, no significant difference could be 
observed in the efficiency of rapid killing of J774 
macrophages by SC500 and SC501. Both cell detachment and 
appearance of Trypan Blue positive cells progressed at 



1 

similar rates over four hours, thus indicating that 
Shiqa -toxin released within infected cells neither 
significantly j affected the rate of intracellular growth 
nor increased rapid killing of host cells. 

The effect of the Inv* and Tox' nutations on the 
pathogenicity of S. dvsenteriae 1 in the rabbit ligated 
loop model was determined by the effect on fluid 
production within loops. Mean and standard deviations 
were computed; from the results obtained in six loops for 
each strain at either of the two inocula (i.e., 10* and 
lO' cru). For invasive strains (i.e., SC500, Inv*, Tox* 
and SC501, Inv*, Tox*) at both inocula, the lack of 
Shiqa -toxin production decreased fluid accumulation, but 
the difference was not statistically significant, 
indicating that invasion and subsequent inflammation are 
primarily responsible for fluid accxunulation . For non- 
invasive straiins (i.e., SC503, Tox* and SC502, Tox) a 
striking difference was observed since only the strain 
producing Shiqa -toxin elicited fluid accumulation. This 
indicated that, in the rabbit model, Shiqa -toxin is the 
only enterotdxin of S. dvsenteriae 1, whatever the role 
this enterotoxin may play in the course of the disease. 
Histopatholog|ical studies showed severe lesions including 
abscesses and ulcerations destroying numerous villi at 
both inocula cither with SC500 or SC501. In general, 
lesions werej more severe in loops infected with the 
wild-type strain, but the observation that the difference 
was minor indicated that invasion was the major factor of 
pathogenecity . 

Loops infected with SC502, the non- invasive Tox* 
strain, were severely alterated with swelling and 
shortening of the villi, oedema and inflammation of the 
lamina propria, alterations of epithelial cells with 
large amounts of mucus shed from goblet cells and areas 
of killed enterocytes with pycnotic nuclei. However, the 
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most striking feature was hemorrhages throughout the 
epithelial layer. 

The effect of the Tox" mutation on the pathogenicity 
of s. dvsenteriae 1 was shown in monkeys. Two animals 
died of fulminant dysentery at day 4 in both the group 
injected with SC500 and the group injected with SC501, 
each group thus indicating that Shiqa -toxin was not 
required for lethal dysentery. Ho significant 

differences could be observed in the volume of diarrheic 
stools and the amount of pus and mucus, although the 
latter were difficult to quantify with precision. On the 
other hand, the presence of blood was a constant 
characteristic of abnormal stools in animals infected 
with SC500 whereas only one animal infected with SC501 
showed transcient presence of a slight amount of blood. 
Autopsies performed immediately after the death of the 
animals showed obvious differences in the colonic 
peritoneal mesothelium which was particularly apparent on 
the surface of the sigmoid on which patchy hemorrhagic 
areas could be observed only in the case of animals 
infected with SC500. On the average, the number and 
severity of abscesses was similar, but purulent necrosis 
of the mucosa with destruction in Lieberkuhn glands was 
only observed, in some areas, in animals infected with 
SC500. Inflammatory infiltration of the chorion, 
submucosal tissues and peritoneum was also more severe in 
these animals. In addition, the inflammatory infiltrate 
of the peritoneal mesothelium which was characteristic 
of animals infected with SC500 as compared to SC501, was 
predominantly perivascular thus confirming the gross 
examination which suggested the presence of a severe 
peritoneal vasculitis. However, the most striking 
difference was observed at the level of the capillary 
circulation within the interglandular chorion. Monkeys 
infected with SC500 showed hemorrhages disrupting the 
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structure of the upper part of the mucosa. Erythrocytes 
could be observed being released into the intestinal 
luman through microabscesses which caused local 
interruption of the epithelial lining. These hemorrhages 
were obviously due to destruction of the capillary loops. 
On the other hand, monkeys infected with SC501 showed 
dilatation of the capillary loop but no disruption. White 
blood cell counts performed before and at day 3 after 
infection showed: at day 0, no significant difference in 
polymorpho nuclear cell ("PMN") counts, and myelemia was 
absent; and at day 3, the drop in blood PMN and the level 
of myelemia were each more pronounced in monkeys infected 
by SC500. 

CONCLUSIONS 

circumstantial evidence in humans supports the 
hypothesis that Shiga-toxin is a true virulence factor. 
Volunteers fed strain 725, an invasive, low-toxin 
producing, chlorate-resistant mutant of S. dvsenteriae 1, 
showed less severe symptoms than those fed the wild-type 
strain M131 (25). Patients experiencing natural infection 
usually develop more severe symptoms including HUS when 
infected with S. dvsenteriae 1 than with other Shigella 
serotypes (7). They rapidly develop toxin-neutralizing 
antibodies (18). 

The Tox' mutant of S. dvsenteriae 1, SC501, has been 
shown to produce a residual amount of cytotoxin similar 
to E. coli K12. This mutant has been used to study the 
role of this Shiga -toxin in the virulence of S. 
dvsenteriae 1. Cellular assays and more definitive animal 
models have been used. 

Assays using HeLa cells and J774 macrophages in 
monolayers have shown that secretion of Shiaa-^oxin did 
not affect the rate of exponential growth within infected 
cells as suggested for SLT in S. flexneri in a previous 



study (46). These results were in agreement with the 
observation that two other low toxin producer mutants 
(25, 48} as well as the SC501 mutant do not affect 
keratoconjuctivitis (49) which is )cnown to correlate with 
^ the capacity of bacteria to multiply within an epithelius 

(35). As also suggested previously (4, 12), no 
correlation could be observed between Shiga -toxin 
production and early killing of host cells. Although such 
data need confirmation in assays that would more closely 
mimic the actual infection, they certainly indicate that 
Shiga -toxin does not play a major role at the 
intracellular stage of infection. Invasion appears to 
trigger early metabolic events which mediate killing of 
host cells (47) more rapidly than the slow acting process 
of Shiga -toxin (12). 

Infection of rabbit ligated intestinal loops 
demonstrated only slight differences in the severity of 
mucosal lesions after 18 hours with both the SC500 and SC 
501 inocula. However, the duration of exposure and 
closing of loops may mask the effect of cytotoxin 
production and make invasion the primary event. Results 
concerning enterotoxicity were more difficult to analyze 
in the case of invasive bacteria since the amount of 
fluid produced, although lower at both inocula for the 
Tox" mutant, was not significantly different from that 
elicited by the wild-type strain. This indicated that 
invasion of tissues is sufficient to block the 
reabsorbative functions of the epithelium. On the other 
hand, the striking difference observed between non- 
invasive Tox* and Tox' mutants indicates that, within the 
limits of sensitivity of the rabbit model, Shiga -toxin is 
the only enterotoxin of S. dvsenteriae 1. This is in 
agreement with previous studies (16, 17, 33). However, 
3 5 when observing fluid production by Inv* and Inv* mutants, 

the nature of the fluid produced varies according to the 
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infecting strain. Invasive strains elicit production of a 
viscous, mucopurulent, sometimes bloody liquid which 
probably reflects the extent of abscesses ulcerated 
within the lumen regardless of the amount of Shiga- 
5 toxin produced, whereas non-invasive, Tox* strains 
produce a watery, sometimes bloody, liquid which is more 
a reflection of enterotoxicity and cytotoxicity. 
Histopathological studies of tissue samples from loops 
infected with SC502, the InV, Tox* mutant, showed an 
10 important inflammatory infiltrate of the lamina propria 

and major alterations predominantly at the tip of 
shortened villi. This confirmed the cytotoxicity of 
Shiga- toxin on enterocytes in vivo (27). However, the 
most striking feature was infiltration of the epithelial 
15 lining by erythrocytes which were shed into the lumen 

along with important amounts of mucus. This observation, 
which suggested that major vascular alterations had 
occurred within the lamina propria, was subsequently 
confirmed in the monkey model. 
20 Intragastric inoculation of SC500 and SC501 in 

macaque monkeys demonstrated that lethal fulminant 
dysentery could occur regardless of Shiga-toxin 
production. No significant difference was observed in the 
amount of diarrhea, pus and mucus in stolls. Absence of 
25 watery diarrhea and equal amount of stool were not 

consistent with previous studies suggesting increased 
jejunal secretion bu Shiga -toxin (41). The only striking 
difference was the presence of blood in dysenteric stools 
of animals infected with the wild type strain. A recent 
^0 paper reported that, among patients presenting 

shigellosis, those who eliminated strains of higher 
cytotoxicity were more likely to present blood in their 
stools (36) . Histopathological observations confirmed the 
35 presence of vascular damages which appeared particularly 

characteristic in the sigmoid since monkeys infected with 
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the wild type strain showed total destruction of the 
capillary loops within the chorion whereas the vascular 
system of animals infected with the Tox* mutant showed 
turgescent but mostly intact vessels. This certainly 
explains the presence of bloody stools in the former 
group* In addition, observation of the peritoneal 
mesotheliua showed oedema and severe inflammatory 
vasculitis. Thus, release of Shiga- toxin by invading 
bacteria within the tissues may locally enhance severity 
of the mucosal lesion by evoking local ischemia through 
destruction of the chorion blood flow and alterations of 
the peritoneal as well as possibly mesenteric 
circulation. This effect appears to be local or loco- 
regional since observation of kidney tissues did not show 
evidence of capillary vasculitis at this stage of the 
disease (data not shown) • Such vascular alterations may 
be consistent with observations in hemorrhagic colitis 
due to E. Coli 0157:H7 (40) in which a radiologic aspect 
of ischemic colitis has been described (34). These 
strains produce high levels of SLTl (31) which has a 
direct cytopathic effect on dividing endothelial cells 
(15). 

Another difference observed between animals infected 
with Tox* and Tox" strains was the severity of mucosal 
inflammation and subsequent abscesses. In many areas of 
the sigmoid and transverse colons, lesions appeared of 
similar intensity, but only animals infected with SC500 
showed areas with impressive purulent destruction of 
mucosal tissues. 

Higher intensity of the purulent exsudate was 
reflected in a more dramatic drop of blood PMN with 
consecutive myelemia at day three of infection. It is 
believed that, in addition to the marrow and vascular 
compartments, a third PMN compartment is opened at the 
colonic level during shigellosis. Shiga -toxin is expected 
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to increase the number of PMN entrapped within this new 
compartment through vascular alterations which increase 
diapedesis as well as direct release of PMN within 
mucosal tissues. This would account for the rapid and 
severe granulocytopenia observed in animals infected by 
the wild type strain and for subsequent higher myelemia 
which may be an equivalent of the leukemoid reaction 
sometimes observed in the course of severe shigellosis. 
Such a model does not postulate a systemic effect of 
Shiga-toxin. 

The foregoing results thus suggest that Shiga -toxin 
plays a limited role when released intracellularly within 
epithelial and phagocytic cells. However, Shiga -toxin 
released within infected tissues appears to act 
predominantly through intestinal vascular damage. 
Example 4 

Using the procedure of Example 2, SC501 is 
genetically engineered by in vitro mutagenesis of its 
operon coding for enterochelin. The suicide plasmid 
vector PJM703.1, that is utilized, contains the 
enterochelin operon of S. dvsenteriae 1, with each of its 
ent F, Fep E, Pep C and Pep D subunit genes mutagenized 
with an interposon which codes for resistance to the 
herbicide Biolaf os and a suitable promoter for the 
herbicide resistance gene. The resulting clone, SC504, is 
Tox" and enterochelin" ("Enf") . 
Example 5 

Using the procedure of Example 2, SC504 is 
genetically engineered by in vitro mutagenesis of its ics 
A gene. The suicide plasmid vector pJM703.1, that is 
used, contains the ics A gene of S. flexneri (60, 61), 
which has been mutagenized with an interposon. The 
resulting clone, SC505, is Tox*, Enf and ics A" and can 
be used in making a vaccine against S. dvsenteriae 1. 



Example 6 

Using the procedure of Example 2, a wild type S. 
flexneri is genetically engineered by in vitro 
mutagenesis of its gene coding for aerobactin and its ics 
A gene. The suicide plasmid vector, that is used, 
contains the aerobactin and ics A genes of S. flexneri 
which have each been mutagenized with an interposon. The 
resulting clone, SC506, is aerobactin* and ics A' and can 
be used in making a vaccine against S. flexneri . 
Example 7 

Using the procedure of Examples 1, 2 and 4, a 400 
basepair Bal31 deletion is made, starting from the unique 
Hpa l site, inside the A subunit gene of the Shiga-toxin 
operon in a DNA fragment from S. dvsenteriae 1 in strain 
SC500. The resulting fragment is religated with a 257 
basepair fragment containing the PI promoter of pBR322, 
thus allowing high expression of the B subunit protein. 
This fragment, containing the mutagenized toxin A gene, 
is cloned into a conditional suicide vector which 
contains a replication of origin under the control of the 
E. coli lac promoter and a kanamycin resistance gene. In 
S. dvsenteriae 1, this vector will replicate only if IPTG 
is present in the culture medium. A mercury-resistance 
cartridge (65) is inserted upstream from the mutagenized 
A subunit gene. The resulting plasmid is transformed into 
the wild type S. dvsenteriae 1 strain SC500 in the 
presence of IPTG. Colonies of the resulting Shigella 
clone are Hg and kanamycin resistant. They are allowed to 
grow for many generations in the absence of IPTG. The 
cultures are then screened for the presence of Hg- 
resistant kanamyc in-sensitive clones. Three clones are 
isolated and further characterized. Southern blots show 
that they no longer hybridize with an A subunit gene 
internal probe but still produce high amounts of B 



subxinit protein, as detected by monoclonal antibody 
analysis, and they no longer are cytotoxic. 

Using the same procedure, this ToxA' clone is 
genetically engineered by in vitro mutagenesis of its 
operon coding for enterochelin. The suicide plasmid 
vector, that is utilized, contains the enterochelin 
operon of E. coli (66), with each of its ent F, Fep E, 
Fep C and Fep D subunit genes having a significant 
deletion at a restriction site, into which is inserted a 
fragment that codes for resistance to arsenite (62) and a 
suitable promoter for the arsenite-resistance gene. The 
resulting clone is Tox A" and Ent". 

Using the same procedure, this Tox A' and Ent" 
clone is genetically engineered by in vitro mutagenesis 
of its ics A gene. The suicide plasmid vector, used, 
contains the ics A gene of S. flexneri (60, 61), that 
has a significant deletion at a restriction site, into 
which is inserted a fragment coding for resistance to 
cadmixim (63, 64) and a suitable promoter for the 
cadmium-resistance gene. The resulting Tox A", Ent", ics 
A" S. dvsenteriae 1 clone is characterized by a 
substantially reduced invasiveness, which renders it 
suitaible for making a vaccine for hximans against S. 
dvsenteriae 1. 

It is believed that this invention and many of its 
attendant advantages will be understood from its 
description above, and it will be apparent that various 
modifications can be made in the method and vaccine 
described above without departing from the spirit and 
scope of the invention or sacrificing all of its material 
advantages, the embodiments described above being merely 
preferred embodiments. 

The references, referred to above, are as follows. 
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CLAIMS 

1. A method for modifying a wild strain of an entero- 
invasive Shigella to produce a modified strain of 
Shigella that can be used for making a vaccine against 
the wild strain of Shigella characterized by the step of 
transforming the genome of the wild strain of Shigella so 
that it cannot substantially invade cells of a host and 
cannot spread substantially within infected cells and 
from infected to uninfected cells of the host and cannot 
produce toxins which will kill substantial numbers of the 
host's infected, as well as uninfected, cells. 

2. The method of claim 1 in which the genome of the wild 
strain of Shigella is modified so that a first gene, 
coding for a protein necessary for the wild strain of 
Shigella to invade cells, as well as tissues, of the 
host, and a second gene, coding for a protein necessary 
for the wild strain of Shigella to spread within 
infected cells and between infected and xininfected cells 
of the host, are wholly or partly removed or permanently 
inactivated* 

3. The method of claim 2 in which the Shigella is an S. 
flexneri and the first gene codes for the production or 
use of aerobactin by the S. flexneri . 

6 4. The method of claim 3 in which the second gene codes 
for intra-intercellular spread. 

5. The method of claim 2 in which the Shigella is an S. 
dvsenteriae 1, the genome of which is modified so that a 
third gene, coding for the production or use of Shiga- 
toxin by the S. dvsenteriae 1, is wholly or partly 
removed or permanently inactivated. 

6. The method of claim 5 in which the first gene of the 
S. dvsenteriae 1 codes for the production or use of 
enterochelin by the S. dvsenteriae 1. 



7. The method of claim 6 in which the second gene codes 
for intra-intercellular spread. 

8. The method of claim 6 in which the first gene 
comprises the ent F, rep B, Fep C and Fep D subunit genes 
of the enterochelin operon of the S, dvsenteriae 1. 

9. The method of anyone of claims 5-8 in which the first, 
second and third genes are mutagenized. 

10. The method of anyone of claims 2-9 in which one or 
more of the genes are inactivated by allelic exchange 
with one or more in vitro mutagenized genes, especially 
mutagenized genes from which significant portions have 
been deleted and particularly mutagenized genes into 
which marker genes have been inserted. 

11. A Shigella which has been modified by the method of 
anyone of claims 1-10 or is a descendamt thereof. 

12. A vaccine which has been made from the modified 
Shigella of claim 11. 

13. A Shigella which is Shiga -toxin', particularly 
Shiga -toxin A'. 
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A method for modifying a wild strain of an entero- 
invasive Shigella to produce a modified strain of 
Shigella that can be used for making a vaccine against 
the wild strain of Shigella . The genome of the wild 
strain of Shigella is transformed so that it cannot 
substantially invade cells of a human host and cannot 
spread substantially within infected cells and from 
infected to uninfected cells of the host and cannot 
produce toxins which will kill substantial numbers of the 
15 host's infected, as well as uninfected, cells. A first 

gene of the wild strain of Shigella , coding for a protein 
necessary for the Shigella to invade cells of the host, 
and a second gene, coding for a protein necessary for the 
Shigella to spread within infected cells and between the 
20 infected and uninfected cells of the host, are 

mutagenized. 
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24. A method for modifying a wild strain of an enteroinvasive Shigella to produce 
a modified strain of Shigella that can not spread substantially within infected cells of a 
host and can not spread substantially from infected to uninfected cells of the host, for 
use in making a vaccine against the wild strain of Shigella, the method comprising 
inactivating an icsA gene of the wild strain of Shigella, other than only by inactivation by 
means of a transposon inserted into the gene, to thereby provide a modified strain of 
Shigella that can not spread substantially within infected cells of the host and can not 
spread substantially from infected to uninfected cells of the host. 

25. The method of claim 24, wherein the modified strain of Shigella also can not 
substantially invade cells of the host, the method further comprising inactivating an 
aerobactin or enterochelin gene of the wild strain of Shigella, other than only by 
inactivation by means of a transposon inserted into the gene, to thereby provide a 
modified strain of Shigella that can not spread substantially within infected ceils of the 
host, can not spread substantially from infected to uninfected cells of the host, and can 
not substantially invade cells of the host. 

26. The method of claim 25, wherein the modified strain of Shigella also can not 
produce toxins that kill a substantial number of the host's cells, the method further 
comprising inactivating a S/7/gfa-toxin gene of the wild strain of Shigella, other than only 
by inactivation by means of a transposon inserted into the gene, to thereby provide a 



modified strain of Shigella that can not spread substantially within infected cells of the 
host, can not spread substantially from infected to uninfected cells of the host, can not 
substantially invade cells of the host, and can not produce toxins that kill a substantial 
number of the host's cells. 

27. The method of any of claims 24-26, wherein said Shigella is S. flexneri, 

28. The method of any of claims 24-26, wherein said Shigella is S. dysenteriae 

1. 

29. The method of claim 28, wherein one or more of the ent F, Fep E, Pep C, 
and Fep D subunit genes of the enterochelin operon of S. dysenteriae 1 are modified. 

30. The method of claim 26, wherein the S/?/ga-toxin gene is the S/?/gfa-toxin A 

gene. 

32. The method of any of claims 24-26, wherein one or more of said inactivated 
genes are inactivated genes from which at least one nucleotide sequence has been 
deleted. 

33. The method of any of claims 24-26, wherein one or more of said inactivated 
genes are inactivated genes into which at least one nucleotide sequence has been 
inserted. 



34. The method of claim 33, wherein a marker gene is inserted into one or more 
of said inactivated genes. 

35. The method of claim 26, further comprising isolating said modified strain of 
Shigella from said wild strain of Shigella. 

36. A modified Shigella for use In making a vaccine against a wild strain of 
Shigella, the modified Shigella comprising: 

(a) an inactivated icsA gene, inactivated other than only by means of a 
transposon inserted into the gene; and 

(b) an inactivated aerobactin or enterochelin gene, inactivated other than only 
by means of a transposon inserted into the gene; 

wherein the modified Shigella can not spread substantially within infected cells of 
the host, can not spread substantially from infected to uninfected cells of the host, and 
can not substantially invade cells of the host. 

37. The Shigella of claim 36, further comprising an inactivated Shiga-toxm gene, 
inactivated other than only by means of a transposon inserted into the gene; 

wherein the modified Shigella can not spread substantially within infected cells of 
the host, can not spread substantially from infected to uninfected cells of the host, can 
not substantially invade cells of the host, and can not produce toxins that kill a 
substantial number of the host's cells. 



39. The Shigella of claim 37, wherein the S/?/ga-toxin gene is SA?/ga-toxin A. 

40. The Shigella of claim 36 or 37, wherein said Shigella is S. dysenteriae 1 or 
S. flexneri. 

41. The Shigella of claim 36 or 37, comprising inactivated ent F, Fep E, Fep C, 
or Fep D subunit genes of the enterochelin operon. 

43. The Shigella of claim 36 or 37, wherein one or more of said inactivated 
genes are inactivated genes from which at least one nucleotide sequence has been 
deleted. 

44. The Shigella of claim 36 or 37, wherein one or more of said inactivated 
genes are inactivated genes into which at least one nucleotide sequence has been 
inserted. 

45. The Shigella of claim 44, wherein a marker gene is inserted into one or more 
of said inactivated genes. 

46. A vaccine comprising the Shigella of claim 36 or 37 and a pharmaceutically 
acceptable vehicle. 



47. The method of any of claims 24-26, wherein a marker gene is inserted into 
each inactivated gene. 

48. The Shigella of claim 36 or 37, wherein a marker gene is inserted into each 
inactivated gene. 

49. A vaccine comprising the Shigella of claim 48 and a pharmaceutically 
acceptable vehicle. 

50. The method of claim 24, wherein said inactivation of said icsA gene 
comprises allelic exchange with a mutagenized icsA gene that has been mutagenized in 
vitro, 

51 . The method of claim 25, wherein said inactivation of said icsA gene 
comprises allelic exchange with a mutagenized icsA gene that has been mutagenized in 
vitro, and wherein said inactivation of said aerobactin or enterochelin gene comprises 
allelic exchange with a mutagenized aerobactin or enterochelin gene that has been 
mutagenized in vitro. 

52. The method of claim 26, wherein said inactivation of said icsA gene 
comprises allelic exchange with a mutagenized icsA gene that has been mutagenized in 
vitro, wherein said inactivation of said aerobactin or enterochelin gene comprises allelic 
exchange with a mutagenized aerobactin or enterochelin gene that has been 



mutagenized in vitro, and wherein said inactivation of said S/?/gfa-toxin gene comprises 
allelic exchange with a mutagenized S/?/gfa-toxin gene that has been mutagenized in 
vitro. 

53. The method of any of claims 50-52, wherein a marker gene is inserted into 
one or more of said mutagenized genes. 

54. A modified Sliigella for use in making a vaccine against a wild strain of 
S/7/ge//a, the modified Shigella comprising: 

(a) an inactivated icsA gene, inactivated by allelic exchange with a mutagenized 
icsA gene that has been mutagenized in vitro, wherein said mutagenesis is other than 
only by means of a transposon inserted into the gene; and 

(b) an inactivated aerobactin or enterochelin gene, inactivated by allelic 
exchange with a mutagenized aerobactin or enterochelin gene that has been 
mutagenized in vitro, wherein said mutagenesis is other than only by means of a 
transposon inserted into the gene; 

wherein the modified Shigella can not spread substantially within infected cells of 
the host, can not spread substantially from infected to uninfected cells of the host, and 
can not substantially invade cells of the host. 

55. The Shigella of claim 54, further comprising an inactivated Shiga-toxlu gene, 
inactivated by allelic exchange with a mutagenized S/?/gfa-toxin gene that has been 



mutagenized in vitro, wherein said mutagenesis is other than only by means of a 
transposon inserted into the gene; 

wherein the nnodified Shigella can not spread substantially within infected cells of 
the host, can not spread substantially from infected to uninfected cells of the host, can 
not substantially invade cells of the host, and can not produce toxins that kill a 
substantial number of the host's cells. 

56. The Shigella of claim 54 or 55, wherein a marker gene is inserted into one or 
more of said mutagenized genes. 

57. A vaccine comprising the Shigella of claim 54 or 55 and a pharmaceutically 
acceptable vehicle. 

74. A modified Shigella for use in making a vaccine against a wild strain of 
Shigella, the modified Shigella comprising an inactivated icsA gene, inactivated other 
than only by means of a transposon inserted into the gene; 

wherein the modified Shigella can not spread substantially within infected cells of 
the host and can not spread substantially from infected to uninfected cells of the host. 

75. The Shigella of claim 74, wherein at least one nucleotide sequence has been 
deleted from said inactivated icsA gene. 



76. The Shigella of claim 74, wherein at least one nucleotide sequence has been 
inserted into said inactivated icsA gene. 

77. The Shigella of claim 76, wherein a marker gene is inserted into said 
inactivated icsA gene, 

78. A vaccine comprising the Shigella of claim 74 and a pharmaceutically 
acceptable vehicle. 

79. A modified Shigella for use in making a vaccine against a wild strain of 
Shigella, the modified Shigella comprising an inactivated icsA gene, inactivated by 
allelic exchange with a mutagenized icsA gene that has been mutagenized in vitro, 
wherein said mutagenesis is other than only by means of a transposon inserted into the 
gene; 

wherein the modified Shigella can not spread substantially within infected cells of 
the host and can not spread substantially from infected to uninfected cells of the host. 

80. The Shigella of claim 79, wherein a marker gene is inserted into said 
mutagenized icsA gene. 

81. A vaccine comprising the Shigella of claim 79 and a pharmaceutically 
acceptable vehicle. 
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Summary 

We have Identified a region (v/rG) on the 230 kb viru- 
lence piasmid of S. flexneri that Is required for cell-to- 
cell spread of the bacterium. IhS Insertions into this 
region result in avirulent mutants that can Initially in- 
vade and multiply in epithelial cells, but tend to lose 
active movement and tend to localize within the cyto- 
plasm, where they are gradually extinguished without 
infecting adjacent cells. The r/rG region was localized 
to within 4 kb and may contain a single cistron. Se- 
quences hyt>ridizing to this region were found in all in- 
tact virulence plasmids of Shigellae and enteroinva- 
srve E. coll. 

Introduction 

Shigeilae are among the invasive pathogens and provoke 
bacilfary dysentery in human and monkey. The early es- 
sential step for the virulence of Shigeilae is tile invasion 
into colonic epithelial ceils (l^Brec et al., ig64), followed 
by intraceJiular bacterial muitipncatlon and reinfectton of 
adjacent cells. Strains that lack any of. these abilities are 
avirulent. At least three separate loci have been identified 
on the chromosome to be virulence determinants of 
Shigella flexneri (Sansonetti et al., 1933). In addition, a 
large piasmid (about 230 kb) is required for the invasion 
into colonic epithetlai cells (Sansonetri el al., ig82). The 
piasmid is functionally common among four subgroups of 
Shigellae and enteroinvasive E. cofi (Hale et al.. 1983; 
Watanabe and Nakamura, 1985). 

Laboratory assays for virulence in Shigellae have main- 
ly been made by inducing conjunctivitis in guinea pigs 
(Sereny test; Sereny. 1955) or mice (mouse Sereny test; 
Murayama et al.. 1986), and the invasion into cultured 
cells (Maurelli et al., 1984). The virulence of Shigellae is 
highly unstable In subculture or storage (Maurelli et al., 
1984; Sansonetti et al., 1982; Sasakawa et al., 1986). 
Such avirulent derivatives score negatively in mouse 
Sereny tests (Ser) and are unable to Invade cultured cells 
(Iriv). These derivatives show either deletions of. or ISI in- 
sertion into, the 230 kb piasmid, pMYSH6000 (Sasakawa 
et al., 1986). By analyzing these mutants, it became evi- 
dent that there are at least two virulence determinants 
about 50 kb apart (Sasakawa et al., 1986; Sakai et al.. 



1986). Subsequent studies by TnS insertion inactivation 
on pMYSH6000 revealed that a large region consisting of 
four contiguous Sail cleavage fragments. B, P, H. and 0. 
and two separate fragments, F and G, are required for the 
Ser^ phenotype. Ail of these regions, except the Salt 
cleavage fragment, G (Sall-G), have been shown to be re- 
quired tor Invaston into epithelial cells (Inv). Interestingly, 
the region on Sall-G was required only for Ser but not for 
Inv (Sasakawa et al., submitted). 

In this communication, the genetic determinant of this 
region (abbreviated as virG, for virulence) on Salt-G is pre- 
cisely defined, and the role that the product of this region 
plays in an essential step in the pathogenesis of badllary 
dysentery is descrit)ed. 

Results 

Microscopic Observation of Bacterial Invasion 
in Tissue Culture - 

We Isolated 12 avirulent TnS insertion mutants in Sall-Gof 
pMYSH6000, a large piasmid found In S. flexneri 2a 
YSK6000. All of them were apparently posithre in the stan- 
dard invasion test. However, we noted differences in the 
localization and movement of the wild-type virulent strain, 
YSH6000, and the avirulent SalkG insertions, within MK 
cells. To assess the significance of this difference, the 
time course of invasion into MK cells was examined from 
timeOtolShr. Uptol hr following bacterial infection, inva- 
sion of the Sall-G mutant, Mg4, was similar to that of 
YSH600Q, and no difference was observed in the number 
of bacteria within MK cells (Figures 1A, IB, 1E. and 1F). 
After 6 hr, YSH60CX) showed free and active movement 
within hoist cell cytoplasm and reinfected adjacent cells 
(Figure 1C). However, the invading M94 bacteria, ex- 
hibited normal multiplication initially, but were localized 
within the cytoplasm and had assumed spherical shapes 
(Figure 1G). After 18 hr. the morphological differences be- 
tween YSH6000 and M94 were more obvious. MK cells in- 
vaded by YSH6000 did not adhere to the culture plate, the 
number of MK cells was decreased, and apparently viable 
bacteria were scattered outside the cell cytoplasm. In the 
case of M94. intracytoplasmic bacteria that had been con- 
verted to spheres were extinguished, and MK cells had 
returned to their inrtial normal morphology. In summary, 
the avirulent Sall-G mutant can multiply In the epithelial 
cells in vitro but are extinguished before they can spread 
and infect adjacent cells. 

The Process of Infection In Vivo as Revealed by 

indirect Fluorescence and Histopathologlcal Methods 

To assess the difference in the ability of YSH6000 and 
M94 in invading keratoconjunctival epithelia, about 30 \i\ 
of the bacteria at a density of 10^^ viable cells per ml was 
dripped into guinea pigs' eyes. Three hours or 24 hr after 
Infection, bacterial antigens were detected by indirect im- 
munofluorescence and were assayed for the ability to irv- 
duce keratoconjunctivitis shigellosa and for the invasion 
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Rgure 1. Tlmo Course of Invasion fnto Tissi>e<Jultured MK Cells of the Virulent Wild Type. VSH6(X)0, and Its Avirulerri TnS Insertion (M94) into Sall-G 
ofpM^HBOOO 

(A-D) YSHSOOa (E-H) M94. Samples were talcen at the indicated times, tollowing bacterial Infection for 40 min. (A and E) 0 hr. (B arvd F) 1 hf- (C 
and G) 6 fiL P and H) 16 hr. 



Figure 2. Indirect Immunoftuorescence Analy- 
sis of the Epithelial Layers of Palpebral Con* 
junctiva. Fornix, and Cornea in Paraffin Sec- 
tions 

(A and B) YSH6000. (C and D) M94. (A and C) 
3 hr, (B and O) 24 hr after infection. 




Of bacteria into keratoconjunctivaJ epithelia. By macro- 
scopic observation at 3 hr, no sign of Keratoconjunctivitis 
was observed witfi either YSH6000 or M94 (data not 
shown). However, YSIH6000 invaded the full layer of cor- 
neal epithelia (Figure 2A); M94 invaded only the single 
surface layer of the paJpebra a1 3 hr, and the bacterial mor- 
phology within the epithelia was spherical (Figure 2C). 
Epithelia] degeneration was observed with YSH6000 but 
not with M94. A! 24 hr after infection, YSH60(X), but not 
M94, induced typical keratoconjunctivitis with desquama- 
tion due to degeneration of corneal epithelia, and conse- 
quently, only a single basal epithelial layer had remained, 
where bacteria could be seen (Figure 26). In the case of 
M94, bacteria could not be seen in cornea and in palpebra 
that was not degenerated or desquamated (Figure 2D). 
• These in vivo observations agree completely with in vitro 
observations. 



Identification of the Wr6 Region 

By determining the fine map of the Tn5 insertion sites 
within Sall-G (Figure 3), the virG region responsible for 
virulence on Sall'<3 was identified. Since TnS has no 
EcoRl cleavage site, each plasmld ONA with a lh5 Inser- 
tion within Sall-G was digested with EcoRI and linked to 
the EcoRI site of pBR333 (Sasakawa et at., 1983) by 
shot«gun cloning and selecting for kanamycin resistance. 
Then, the TnS insertion site and direction were determined 
by digesting with EcoRI alone. EcoRI and Sal) (double), 
and E(X)RI, Sail, and BamHI (triple) (Rgure 3). The TnS in- 
sertion sites of avirulent derivatives were located as a 
cluster within about 3 kb (Figure 4). Since the TnS inser- 
tion sites of the remaining virulent derivatives were lo- 
cated only to the right of this cluster, the left terminus of 
W/G could not be determined by the fine map of the TnS 
insertion sites. The left terminus will be described below. 
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p8R333 
EcoRI 



pMYSH6000 SallG::Tn5 
FcoRI 



Table 1 . Complementation Tests 



Ligal ion 



Select Krrf Arrf lransform<inls 

i 

Extract plasmid 

i 

MapTnS insertion sites 
{&oRI.EcoRl-S4n£coRl-S£li-Ba.TiHI) 

J LJ. 




* peR333 

Rgure 3. The Strategy for Rne Mapping d the TnS Insertion Sites 

E, EooRI; S, Sail; a BamHt; thick solid line, derived from pMYSHGOOO; 
thtn solM nne, derived from the internal part of TnS; wavy lines, iS50 
parts of TnS; broken line, pBR333 vector. 
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Figure 4. Sail Restrtcticn Endonudease Cleavage Map of pMYSH- 
6000 and me TnS Insertion Sites Located on the Sail Fragment of Vtnj- 
lent and Avinileni Derivatives 

UpM^rd and downwaid vertical arrows are the Tn5 insertton sites to the 
opposite direction. Ser. mouse Sereny tests; Sereny negative; -t-, 
Sereny posith/e. 

To confirm that TnS insertions Into Sall-G produced the 
avirulent phenotype because of insertional inactivation of 
the virulence gene(s) on Sall^, the 6.1 kb Sall-EcoRI 
fragment of pM YSH6000 was cloned into pMY6003 to ob- 
tain pMYSH6601, which contains the above^entioned 3 
kb cluster. pMYSH6601 was transformed to 12 evirulent 
mutants, and the virulence of the transformants was ex- 
amined by the mouse Sereny test. Ail of them were found 
to be converted to Ser+ (Table 1). Analysis of plasmid 
DNA of the trar^sformants revealed the intactness and in- 
dependent coexistence of each of the original TnS inser- 
tion derivatives and pMYSH6601. These observations 
show that the 6l1 kb Sall-EcoRI fragment in Sall-G con- 
tains the WrG region, which is phenotypically expressing 
fra/7s-acting product(s). 

Analysis of the WrG Region 

To examine whether virG consists of a single cistron. conv 
plementation tests were made (Table 1). Plasmid DNAs 
from each of four avirulent mutants, F24. S252, S175, and 



Complementation by 



Wrt3::Tn5 


None PMYSH6601 


F24 


S2S2 


S175 


M267 


F24 


- + 






ND 




8319 








ND 


ND 


M25 


- + 






ND 


ND 


M317 


+ 






ND 


ND 


S252 


- + 






ND 


ND 


SI 75 


- + 


ND 


ND 






S80 


- + 


ND 


ND 






M331 


+ 


ND 


ND 






545 


+ 


ND 


NO 






M94 


- + 


ND 


ND 






F14 


+ 


ND 


ND 






M267 


+ 




ND 







( + ) Positive reaction of mouse Sereny test. 
{ - ) Negative reaction of mouse Sereny test. 
ND. not determined. 



M267, were isolated, digested with EooRI. and cloned into 
the EooRI site of pMY6003 by selecting for kanamycin re- 
sistanceL The cloned plasmids cx^ntain the v/rG::Tn5 seg- 
ment (see Figure 3). These recombinant plasmids were 
used to transform 12 avirulent mutants, and mouse Sereny 
tests were conducted with these transformants. All com- 
plementation tests among mutants were negative (Table 
1). These results suggest that the virG region may contain 
a single cistron. 

The 6.1 kb Sall-EcoRI fragment was employed to define 
the left end of^he virG gene{s). Five insertion and deletion 
mutants were constructed and used to transform avirulent 
mutant M94, and the virulence of these transformants was 
examined by mouse Sereny test. An insertion mutant 
PMYSH6602, but not pMYSH6603^ complemented the 
mutation of M04. These results and the TnS insertion site 
of F24 placed the left terminus between two EcoRV sites, 
indicating that the size of the vIrG gene(s) is 3 kb to 4 kb 
(Rgure 5). 

Distribution of the ri/G Region 

Using the 1.2 kb Hindlll-EcoRV fragment (Figure 5) as 
probe, Southern hybridization was performed against the 
large plasmids contained In each of the virulent strains 
S. dysenteriae/ S. flexneri. S. boydii. S. sonnei, and en- 
teroinvasive E. coli. Each of the virulent Shigellae and en- 
teroinvasive E. coli have large plasmids comparable to 
that of YSH6000 (Rgure 6A. lanes 1-6), which hybridized 
strongly with the virG probe (Figure 6B, lanes 1-6). The 
apparent hybridization to the chromosomal DNA of these 
strains can be attributed to contaminating sequences 
from the large plasmid, since chromosomal DNA from 
S. flexneri cured of the large plasmid, and from E. coii K12 
(Figure 6, lanes 7 and 8), failed to hybridize. Thus, virG is 
considered to be a common region on the large plasmid 
found in all Shigellae and enteroinvasive E. coll. 

Discussion 

Colonic epithelial invasion of Shigellae is the essential 
early step in pathogenesis of bacillary dysentery (LaBrec 
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Figure 5. Restriction Map of pMYSH66ai and wVG Region Deter- 
mlnod by Complememation Tests 

4 bp or 8 bp insertion; CZJ, deleted region. The thick line on the 
map of PMYSH6601 represents the 6.1 kb Sall-EcoRl fragment de- 
rived from SalMS of pMYSHSOOO. and the tnin line represents pMY6003 
sequences. Each ptesmid derivativB was usad lo transtomi the Tn5 inser- 
tion mutant M94. and the results of complementation for virulence was 
judged by the mouse Sereny test. +. positive Sereny lest, and 
negative Sereny test, f represents the Tr.5 irxsertion sit© of F24. 



et al., 1964). This is assumed to occur througli the in- 
duced phagocytosis following the bgclerial attachment to 
the surface of epithelia. SubsequentJy, the bacteria multi- 
ply within the phagosome, destroy it, spread freely within 
the cytoplasm, and reinfect the adjacent epithelial cells. 
The twelve avirulent Tn5 insertion mutants described in 
this paper can invade and multiply but do not proceed fur- 
ther. Although multiplication occurs, the bacteria lack ac- 
tive movement, show a tendency to localize within the 
cytoplasm, are gradually converted to a spherical mor- 
phology, and are finally extinguished from the epithelia. 
These observations may suggest the following possibili- 
ties. Rrst, the phagosome membrane may not be de- 
stroyed in these mutants. Second, these bacteria may 
have lost the ability to resist lysosomal bactericidal en- 
zymes. Or they may have lost a factor required for normal 
growth within the epithelia. Mutant bacteria may have fi- 
nally been extinguished through pMagosome-lysosome 
fusion and bactericidal activity. This suggests that the 
function of the virO gene product is to resist somehow the 
bactericidal activity of lysosomal enzymes. This resis- 
tance may be exerted through lysis of the phagosome 
membrane. As in Rickettsiae (Ewing et al., 1978). shigel- 
lae may have to escape from the phagosome to avoid be- 
ing killed by lysosomal enzymes. 

The above observations were made in experiments con- 
ducted both in vitro and in vivo. This suggests that the Tn5 
msertion mutants used in this study may invade colonic 
epithelia and multiply therein but are presumably unable 
to induce dysentery, in this sense they may be a plausible 
candidate for a live vaccine against bacillary dysentery. 

A segment of about 45 kb from the large plasmid of 
S. flexneri 5 was cloned into a cosmid vector (Maurelll et 
al., 1985). This region is sufficient for invasion into HeLa 
cells, but not for plaque tests (Oaks et al., 1985) nor for 
positive Sereny tests (Maurelli et al.. 1985; Sansonetti et 
al., 1986). These authors postulated that other deter- 
minant(s). besides those on the 45 kb fragment, are re- 
quired to yield a positive Sereny test. The virG gene may 
be such a determinant. We have not yet done the plaque 
formation for virulence, but virG mutants are presumably 




Figure 6. Southern Hybridization Test for the virG Sequence of Shtgel- 
lae and Enterolnvasiva E. ooli 

(A) Ethidium bromide^ined 0.7% agarose gel (B) Autoradkigram of 
Southem blot hybridization on the gel A wHh the M>G<Ierived fragmem 
as probe, l^es 1, a flexneri 2a YSH6000; lanes 2, S. flexneri. 98; 
lanes 3, S. dyeenteriae 121; lanes 4, S. boydii 74; lanes 5, S. sonnel 75; 
lanes 6. enteroinvasive E. cdi 282-63 FAV (L L. Rabuisi); EcoRI- 
digested chromosomal Dr4A of Y5M6000 cured Of the targe plasmid; 
lanes 8, EcoRl-digested chromosomal OfiA of E. cdi K12 MC1061. Ar- 
rows Indicate the large vlnjlence plasmids of 120 Md to 140 Md. 



negative, t>ecause they are Sereny negative. By the use 
of the w/G-defectrve avirulent mutant, we may be able 
to understand more clearly the mechanisms involved In 
producing a positive Sereny test, or reinfection after inva- 
sion into epithelial cells. 



Ejcpertmenta) Proceduies 
Bacterial Strains and Plasmfds 

Fully virutenl S. ftexneri'Sa strain YSH6000 was used as the wild type. 
Seventeen TnS insertion mutants into Sall-G of pMVSHSOOO contained 
within YSH6000 were isolated tndependerrtty among about 1000 inser- 
tions In the previous study (Sasakawa et at., submitted). S. flexneri 90, 
S. dysenteriae 121, S. boydii 74. S. sonnei 75, and enteroinvasive 
E- coli 282-83 FAV (0136) were used for DNA-DNA hybridtzatton. 

PMY6002 was eeneralod by Bgtll tinker insertion in pBR322 al posi- 
Uon 3256 (Sutcliffe. 1979). The EcoRI-Bglll fragment of pMy6002 was 
replaced by the EcoRl-BamHl fragment of RSSa, which contained a 
trimethoprim (Tp) resistance gene, and pMY6003 was constructed. The 
&1 kb EcoRI-Sall fragment within SaJI-G of pi^YSH6CKW was inserted 
into the EcoRI-Sall she of pMY8003, and thus ph^YSH6601 was con- 
structed. pMYSHGGOa and pMY5H6603 were constructed by inserting 
a Sail linker at the EcoRV site of pfy/IYSH6601. pMYSH6606 was con- 
struct^ by cleaving pMY5H6602 with Sail and self-ligatlng. pMYSH- 
6604 and PMYSH6605 were constructed by digesting pMYSH6601 
with HindlH and Bglll, respectivefy. followed by treatment with the DNA 
polymerase I targe fragment, thus making 4 bp insertions at each site 
of PMYSH6601 (Figure 5). 

Media 

Muellor-HiTrton (MH) broth (DIfco Laboratories, Detroit. Ml) with or with- 
out additwn of agar was used for selection by Tp resistanca Other me- 
dia were as described previousty (Sasakawa et al.. 1986). 

Toat for Invasion In Tissue-Cultured Monolayers 
This was as described by Maurelli et al. (1984), except that the cells 
used were Rhesus monkey kidney epithelial (MK) cells designated as 
LLC-MK2 (Watanabe and Nakamura. 1985). in the standard invasion 
test, bacterial Infection was made for 2 hr at 37*0 followed by an addi* 
tional incul>ation for 3 hr after removing extracellular tjaderia by wash- 
ing. In comparing Tn5 Insertions for the time course of invaston, bacte- 
ria were intedsd for 40 min. and then the MK cells were kept for a 1, 
3, 6. 9, 12, or 18 hr. 
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In Vivo InfectlM with Shigellae 

BacteriaJ cell suspensions were m^e as described previousiy (Sasa* 
kawa et al., 1986). Thirty microliter suspensions of either YSH6000 or 
VSH6202-M94 were dripped on one eye of each of two guinea pigs 
(dean Hartley strain). The eyes induding paJpebra and cornea were 
removed at 3 hr and 24 hr after infection, fixed in 10% buffered fcw ma- 
tin, and embedded In parafttn. For the Indirect immunofluorescence 
assay (Kurata et al., 1983), the sections war© picked up on neoprene- 
coated slides and dried at 37^ for 2 to 3 days. Deparaffinlzed sections 
were treated with a25% Uypsin al 37^ for 1 hr S- flexneri 2a-specrfic 
rabbit antibody, a kind gift of Denka-Seiken Co.. Tokyo, was applied at 
120 dilution for the first step reaction, followed by app*icatk)n of fluo- 
rescein isothk>cyanate (Miles YEOA Ud., Rehcwot. l&rae()K;onjugated 
antl-rabbH IgG (goal) at a dilution of 1.20 for trte second step. 

Other Experimental Procedures 

Mouse Sereny test Isoiatkin and characterization of plasmid DNA, and 
DNAr-ONA hyt>ridizBtton were described previously (Sasakawa et al.. 
1983). Transformation was made by the method ol Monison (1977) for 
E. coli K-12 and by that of Curtiss (1981) for S flejcneri. 
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V 1 Syml>oi for the dement, vaondimn. 2 Symbol for iht 
unit, volt. 3 .Symlx)! for v;i(iac. 4 volume. 

V. vrsion. 

V„ The vari;*ble region of ihc miltuuioglohuiin liciivy chnin. 

V 5;yn)ix»l for (Ju; unit, volt, An iacorroci syrntK>l 

V Symhol for Ihc <ju;»nti((cj; (I) volume, cxpi'css«tJ in cubic 
incfm; (2) potCTiiial cncfgy» cxprc?;f;cd in joules*; (3) clcctric.il 
pOtcntAAl Of ixncrxtinl diircrcnoe. r^prcii^ in volts; (4) lomiimus 
cfficiirncy. 

Vi> vSyiniH>! for physiologic (lead spticc, e;iprcs.s<?tl in cuhic me- 
ters. 

r 1 Symbol for the quunlity, v^locily. cxprwKScd in mcUTs per 
second. 2 Symt)ol for Ihc quantity, specific volume. cxprc>L^(J 
in cubic meters per kiloicram. 

VA vts".ll aciiily. 

V'A Syf)iK)l for (he unit, voH-mnpcrc. 
Tarciftcnous Vaccine |M<x]iicing, 
vaccin VA<:(:iNr, 

vacJCinablc^ Suiiceptihle to .successful vaccirlatitm. 

vaccinal I PtjriaininR to VacciJie or vaccination. Z Oipnblc 
ftf conferring immunity or paHcction when aJministcrcd by 
nitsiins of inocnintion. 

vaccinate To fjvc vaccine by injccliort in order to produce 
active immunity (o di*;£:asc. 

vaccination IL vaccinus (from Mcca a cow + -inux ^inl) relating 
to a cow I -ation) rheadminisdiUion of vaccine by injt^:Uon 
or orally ui order to pnxUKC nclive imrrumity (o disease. 
^utogcDouw vuccinAtion A Viu-ciimtion tbAl iiuVt/j&i « vaccine 
prcpnred fnim ofpymisms <»btaincd from ihe patient himself. 
boos(cr vaccination The administfiuion of udditional doscs 
Of vaccme, mually smuHcr th^-^n the iniltal doivc, i>i specific^ 
mtcrv.-ils ;»f>cr (he primary vaccinnlion to mflinfain ii»c individ- 
um s immunity to n disrasc. 

jvnnerlun vuccination Vaccination witb virus from cow(>ox 
lesions to imnninize persfons against 5nial!pox. 
scrum virus vfireinatioM An obr^lclc IcchrMqoe in which a 
virulent vims h inoculaletl at the mime, time as an jmliNcrum 
afi3m.«:t the virus- it h now thought that complications «»rty 
cnsiie» such as giant ccH pncumo«i;i secondary to measles vac- 
cination by this ta':hniquc. 

vacc<nationisi 1 A pemm favoring the use of vaccination. 2 
Favoritig or pronuMitif, the use ofv^nccination. 

vaccinator 1 A penton who performs vaccinarions. 2 Any 
insfruitient in v.ieci nation- 



vaccine 



vaccine [L mccinux (frort) vacca a cow + -inus -iNti) relating Ui 
a cow) An antigenic preparation usc4 to pr^xiucc active im- 
m\m\y to n disease. Vaccines may lie living, attenuated strainit 
<?f viruiiCS or bacteria which fsivc rise to clinically tnapparcnl or 
trimi infections. Vaccines ntay also be kiUeil or inactivated 
orgrtjnsms or ptiriiicd products derived fronii Ihcm. I'ormalin- 
inactivatcd toxins (loxoid.s) arc usal iis vaccines against diph- 
theria and tet;uius. Synthetic or Kt'netiealiy eMBineerai antiftens 
arc ciiriently bcinp dcVclopeti for \ise as vaccines. Also called 
^Kxintim, wiccfft- • The ».%e orcowp<^x (vaccinia) viru.s to pvc 
immunity to smallix^x iu the original vaccine fron^ which current 
tiSrtpr derives. 

Mcne vaccina* A vaccine prcpitrcd from aen»f. bacilli and while 
or yellow MaphyloiN.Kci that wasformcHy used in (he treatment 
of acne. 

Adjuvant vjtccine A vaccine lo which some ftfrm of immu- 
no|.H>ientiator has been addeci, a suspciisiort on which antij;ena 
are ad:;orbed. a water in oil emuLston* or an en>ulston eA>nlainin); 
killed mycnbdotcria (FreundN complete adjuvant) to if»crease 
antigenicily. 

ad!i;<>rfoed diphtheria and teUinus to\oidai nnd pertu^jtil^ v^e- 
cine A stei ilc siLspcT^siOO of the prccipilatc derived from l recit- 
ing a blend of diphtheria toxoid and tetanus toxoid with alum, 
aluminum hydroxide, or aluminum phospliate and mining it 
with pertussis vnccine, a killed suxi>en.sion of B</nivtelia pc.rtuxxts. 
The three componcnt.s nrc present in proportions sufficient 10 
confer immunity to each of (he diseases. T}»e mixture is used 
especially for prophylaxis ordiphtheritt. tetanus, and pertussis 
in infants and younj? children. ; 
Adsorboit prrtussis vaccine A .'it.erile biicteriat fraction or 
suspension of Hortletdh pertussis which h«s been precipilnied ] 
or ad.sorbcd by aluminuKi hydroxide or ahmiinuni phosphate. \ 
it given intramuscularly :ts An active immunizing "Ijcnt against \ 
f>crlus&is. I 

anthrax vaccine A vaccine prepared frotil nonencapsulateil | 
Sixircs of .ffcfCillux anthtitds and used to immunue ivjrsons at | 
high risk of exjxisore to anlhruA, including veterituirians and i 
some indUsMrial workers, and anim.ils af risk of developing an- | 
thrax. i 
anttrabic vnecinc R/\fttR*> vaccinr ; 
aniirubieAi vaccine of Pft5;tcur A vac-cine prepared from a | 
living attcmrateii rabies virus. Accordinft to the originai method | 
adv<x-ated by Tusleur, treatment of rabies coiLsisled of daily 
subcutaneous injections of a suspcusion of rabbit .spinal cord in 
physiologic serum over a course of I5-IH iliy.s, usinjS p^0K^C^r 
sivcly younper and therefore more virulent spinal cor<i. rrcpa- 
ra tions of dcsiccatcxt spinal cords have been >»enerally abamloncd 
in favor of phenoli7,ed rabies vaccines .such as f'crnii's and SerO- 
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vaccine / antityphoid viuV-iiiC vaccin* / mflucnj-H viiccinc 



pic*s vaccines. alUumgh variants of TujUcur's lypc of mbics 
vwc-uinalioii nrc sXiW in sonK oounirip:. Also called Pasteuf 
vaccine. 

Qntityphoid vnccinc rvrHOlU vaccini;. 
iiUvnuatcti yftccino A tivc bacterial or vim I vaccinc, CArrying 
mutations tlim eliminator its pulho^ciiic-ity but not its ability 10 
elicil A protective inimimc rcf;tM>nsc. 

utL^ntiikicd live mAnKli^<> virus vaccine A sterile preparation 
yf iin iitlciKiwtcrf lino of mcjtslcs virus erowii in a chicl< embryo 
cell culture. Il causes a mild, noncornmunicublc infect inn in 
niCKi tndividxi:^!!!: MHr siopic dofic, which produce; vtn ititniU' 
nity to measles lhai 1:lMn ul IraM 10 years. 
Hutor;cnOHK vficcine Boctcrii* (u^t'=>'*y stnpliyUx^xxi) culiurr.f1 
from n patient, killed, and injected in thcbopc of clicitin^y slrain- 
sjK'ctfic. iiuniuniTy. 

BCCf vaccine A prcparatitm con mining a dried, livinp culture 
of the Cahnelle-Gucriti strain of Mycobactt^rium tubcnrufvyh 
var. Oom (lv»cillc O*lmcttc-0t»crin). It is used for immt»niz;ition 
against tuberculosis and is usually utlniinistcicd intrj»rutanr- 
Ou5Jy. Also c^^lled <:ahnaie*s vaccitrc. tub^rcuhsis vaccini', 
bruccllvsiia; vjKclnv 1 A live vaccine used for the prevention 
of bruecllnsLS in calllc, u.sualiy made IVoni m otictmaled si rain 
(Stft^in \9) of the cawsotive orpnnism, firucella aljOrfus. 2 A 
vaccine made from killeti DrucMf {thiirma nnd Strain of J5. 
abortus for the prevention of HruevUa ovis infect iOTt in ftbecp. 
Oalmcttc*x vnccinc BCG vaccini;. 

Cftnittif' diictc^mpt^r vncciiM'. 1 A vaccine cotlitrtinjng canine dis- 
leniiKT virus which h;*s atleniialcfl by growth in chick 
emhryns or tissue culture cells. 2 A vuccine COntaininf, atten- 
oaled humrtn mc;»<ilc* virus which cros-s-rcacts antigenicaliy with 
tannine distemper viru.*;. Anlitxidies product to the measles virus 
will neutralize the Canine dbtcrtH'^*" virtis. For dcfs. I and 2 aHo 
C«>Hcd diSTi^mpcr vaccini>, 

CststUritcdtt'N vaccine Typhus vac-Cinc pf C|V» reel nccordmj; to 
Casta rieda'.s ral-hiiV; method. 

Clt«tcl1ani*.S YrtCCi«C TYI'HOIO AND I'ARA I Vf'HOlU VACONr;. 
Chan(emcK»e vnccinc A specially prepared typhoid bacteriid 
protein which was instilled into the conjunclival s;\e to induce 
a pronounced allcrpic rciiCtion in persons with typhoid fever. 
The v.icciue and the test arc now ob.solcle. Sec txho UVH IMAImu: 
RLACTION. 

cholAra vaccine A sterile suspension ol' :;pccific strains of 
Villed Vibno chotow uwtd to produce immunity to cholera, 
clo^itfldittl vnccinit A vaecine used to prevent infection with 
a cloftiridiul organism xuch iis Closind'mm tmnu C chuuwx'u 
and <" sopiicum, f'ormAli*! -killed and ahim-prccipatalcd c\(llurc?» 
give lonti^-laslin^. effective immunity ilf^ain^;t the toxins respon- 
sible for the ill dfccts of the cioslridia. 
cowpox vttccioc Sn»allt.x»:( vaccine obt;»ineti from cultures 
grown on the skin of cows. Sc*e also SMALLI'OX vaccina 
Ca^x vaccine TYNIUS VACriNIi, 

crystu) vMvl vaccirK! A killed -virus vaccine formerly UMXt 
in the prevention and control uf hog cholera- 
I>Akfkr vAC'C YHt.iow KKvKk Va«x:ini:. 
Unnysz vacciric A prejxiriition oombtnlttp. ctilttircj; of the nor- 
mal hunvin txiwci (lora. Tiie vau'cinc was ihouRhi liy sooie to 
cAcrl an antianaphylactic elfcct in certain allergic statwi. It is 
now obs<ilclc. 

diphthcriH viiecinc DiritTHI:R!A tOXOUV 
diphthcrid and e<tUii«UsS vucclne An active imwiuriizin(; a(;cnt 
against diphtheria and tetanii.s which con?it?iix of a mixture of 
diphtheria tO;^oid itnd let unit:; toxoid. 

dipbthoria and tetaninS toxoids and pertussis vaccine An 
active immuni/jn^; apen! af'.ainM diphtheria* tetanus and per- 
tussis whicli consists of a inixtuic of diphtheria toxoid and 
tetanus toxoid (prepared using formaldehyde us the loxoidiikg 
uj;ent) and a Sterile Susiwisiou of killed nordauUa pertussis. 



Also called DPT vaccine, triple wccttie. 

distemper vaccine caniKk i^isTr.MHlK VACClNIi,. 

tyrr vaccine uii'ii rnp.RiA ANDTUTANUSTONOtns and t'KK- 

TUS.SJs.VA(:<:(Nr.. 

duck embryo vnccim* A rabies vaccine prepared I'rom rabic; 
viru*i grown in duck crnbiyonic tissue. inactivatc<J with beta- 
propiolactone, and administered in a .scries of 14 daily intra- 
niu.scuhu inject ioiw to persons cxp(tficd To rabies, 'l b is vaccine 
w,i*; widely used for 20 years btil ba-i been <li.<urontintied in the 
United States in favor of tlie more cflicaciotw human diploid 
cell vaccine. AW>ieviaiioa; OBV 

Durand's vftCCirtO A typh*.>id-i>araiyt>boid vaccine containinR 
a microbial suspension with an admixture of 1:1000 dicfhyldi- 
thiocurlv^mnte to |viras^ium. 

Durttnd and iiiroud vnccine. A vaccine apains! epidemic 
lousc-l>otlic lyphus prepared from a culture of kickattxia prow- 
mu'kii thrown on the lun^y: of white mice or rabbits and tr«ttcd 
with formol. Vaccination consists of three subi^utancxms injcc- 
lii>ns of I ml each cigbl days apiul, a bOi:>Ster injection beinJS 
ncccjjsary o1K^ yei^r after primary vaccination. 'Flic dui^lion of 
immuTiily obtained is Icjjs than one year. 
«ptdo«T«iC. typhus vaccine ^YI»HU^> vACClNn. 
Fclix vnccinc A typhnid-paralyphoid vaccine COiUatlung bac- 
teria inactivated by alcohol. . 

Fermi's vnccinc A mixed atlenualed-inactiva(<%1 rabies vac- 
cine eoniainiiafi a suspension of 59^ sliecp cerebral maici i;*! 
inoculated with fixed r.ibies virus in an a<iueous metlium that 
contains at the outset \7o phenol, (re<iuced to 0.:*% itl the 
finished vaeeii»c), Though habitually classed amonp. inactivatetl 
v;iccimi$. it. includes, alonp with tbc phenol-inactivated virus, 
titrated quantities of live virus. 

Finry vaccine An anLinibics vaccine of chick embryo ori|;in, 
of which theie are. two Ty|Xis. low egg passage <LEP) vaccine 
asctl in the vaccination of do(».s, and htfch Cf^ passage (HHP) 
vaccine used in the vaccination of oUicr animals. 
Rury HKF vaccioc See under Fl URY VACCINI:. 
I'lury l-fc-l* 'vaccine See under Fn/RY vaccina. 
Htinncine*.s vaccine 1 \ cholera vaccine prejxited from a 
killed colttirc of Vibrio rholcrao. It h adn^inislcred in two injec- 
tions 7-10 days apart. The first intx^ulnlion is wcA^lior than the 
second. Z A bubonic plaj^uc vatcitic prqtiircd from a killed 
culture of Ycrsimo yxvrw. 

hctcrolofcOnN vncci^e A va04.-;ij»e ba,sexl on one orRanism and 
used to protect another {for example, vaccinia virus and .small- 
pox). An older term. 

hookworm vitccine A voeeinc formerly used to protect dogs 
af;!uns-t the hookworm, Anarylaxtonut caninum. U was made by 
preparation of x-irradiaied larvae of the worm but is no lontjei 
avrtilM>lc, 

human diploid cell vrtcclne A rabies vaccine prepared from 
rabies virus grown in hinmn diploid cell culture and inactivated. 
It is bif.hly immunoKL'i and cauSeS few reaclion.s. This vaccine 
is now ilic only rabies vaccine licensed for uue in man in the 
United Slates. Abbreviation: liDCV 

humanized vuccinc A stnallpox vaccine prepared from ma- 
terial obtamcd from vacciniii vc?jicle* in humans. 
Idanov imd Fjulwwa vaccine A vaccine against measles pic 
pared from attemialcd virtis grown in chick embryos. U is ad- 
ministered intradermal ly t^r sulKulancousIy. 
mducnyji vaccine A killed or mactivaied sterile susiveivsion 
of influenza virus jjtrowo in embryonatcd chicken cpgs. Specific 
antiijenie tyix^; of influenza vir u«:s A and B arc used according; 
to the ty|x: of innucn/j< expected to be prevalent at a givcu time. 
The vaccine may Ix: given intramuscularly or subentanc<5U.sly to 
enhance re-sistancc lo influenza virus infection. Aticnuutcd living 
?^train.s of influenzii vir us have also been used us vacciftes. Ab;t) 
called injtu^nza virus vaccine. 
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vnccinc / inllijon'/a virus vyccinc 

inttiionzn viru^ vfkccinc inkluunza VACCtNn. 

jcnncHatt vaccine SMAf.rrox VArriNn. 

Kclev*?i vuccfnc A. ntbics vaccine prcparctl from a live vinw 

(Kclcv strain) and analnpmis to the Flui-y HVV vnccin<r. 

K*:Xfivr\ vjiccinc An obsolete fiibics vaccinc prepared from 

i';ibbit bniin ih<xulotix1 with frtbic:t virus. 

Kotlc\s vaccine I A vticcitic iijiiiinsi plaf;uc prepared from 

sterile siiSiKMisioiis of Ycmnia ptisliii. 1 A choIcrA vj^ccitic pre- 

piUed from killal cholera vibrios. 

iHptniyxrd vficcioc A v;»cciiic wfiicli has lost its virulence for 
<he Oi'i^iiial host by repented pas«tf;ts throu^'Ji rabliils. 
T^pincN V3cciit« A poliomyelitis vaccine an:iJoKoiis to the 
Sulk vaccine and containing viaw in ^cti vetted fim by formo!, 
then by /.^propioladonc;. Ii is iidministcrcAJ subcotaiicoosly in 
lliree injauions. IhO !;co<>nd injection 6 wettks after the fust n/Kl 
(lie third 2 to ^ months nHer the Second. Viux'ination is com- 
pletc^l w(th ImHwtei- injection given I year l;ktcr, 
live vaccine Any vaccine eontniniog live micrcxir^fianisnis tir 
viruses whose virulence has been ailenuatcd. 
live inc:i.sles, ntum^s, anf> riibclfa vppum vstccinc A trivrth^at 
vaccine thot eont^lin^ an aquet-yus susptrnjaon <>f live* ^Utcjuiated 
Strains of measles vims, nuuj>ps virus, and rubella virus grown 
in chick embryo or <luck embrj'o cells. The prepnr:ition \^ sup- 
plied as a lyophilizect powder to be reconstituted imniciliatcly 
before Uf.c by adding a sterile diluent, ]t is used to obtain active 
iminuni/.:uion in children against all three viral discnse*; M ilie 
snmc time. Also calle<l MMR imccinv. 

live mumps vaccine A suspension of the Jcryl I. yon stroin of 
mumps virus prown hi chick embiyo tissue cuhuro. It ir. given 
snbcutancously to children older th^m 15 months nr»d to adults. 
It brings about active immunity from n sin]tj,le injt^tion and 
continuing; protection a^viinst «UM)tps for at Jca^l 10 years, 
live* ^ir«t polio virus vaccine K(.M.H)MVH..rris VAcriNK. 
I u ii^w rtntt v}u*ci nc A v.ieci nc prcpH red t Voni I hit d s t a;?c larvae 
of nicryoraulux viyipoms ti»al have been irradiated with .x rnys 
for the prcvaMion of lunKworm in cattle. 

Lustie-fanttH^Ui vMcciiic A pla{>uc vaccine consist itig of )Vr- 
xinia ptrtti.^ ;ind caustic soda naitfalizcd by acetic acid, 
^f»^g<d?:l and Sublailsic- vucc>nc A viiccine prepared in the 
USSR ffoni ii gusfiension of ihc cerebral tissue of mice infected 
with the virus of acute orKephalomyelili.s, The dcvclo|KC!i of this 
vaccine advocate its use in the treatment of .sclerotic pla<jues. 
Its efficacy ha* not been demonstrated- 

me^sle-s vrtccinc A live, allcnunlcd mcuiilcs virus vaccine ob- 
tained from collui'cs of the viriLs ;^rown in chick embryos Or on 
ciinitK' renal tissue. It is admini.'iiercd NuK:ntanot)usly iwid con- 
fers active immunity aj^airust measles. 

mixed vaccine A vaccine made from several differeiK antigens 
ofditfcrent pathogens. 

MMR yjiccinc LI VP. Mi:AStJ:^» MUMI»li« AND RlMUa.l.A Vtm.JS 
VACCINIL 

monovalent vikccmc A vaccine made from a sin^lle dominant 
anti^.en of a given pathogen. Also C4liHcd ufiivafcn/ wiccifw. 
multivnlcnt rncckn<! A vacciilc which contains antifjcns de- 
rived from iwvcial alrains within a sinf;ie ftpe^'ics of patho{?.enic 
organisms. Also called fXilyvitUmi vaccine. 
mump<s vaccine A live, atlenunte-Cl nuui^ps virus vaccine ob- 
tained from cultures of the virus. It is adnunistcrcd sulJCUtanc- 
oiisly at>d confers active immunity af^ainst mumps. 
Oral vaccine Any vaccine admitii.*>lercd orally. 
Ottcn's vaccine A vaccine of living, avtnilent Yvrytnta pcsits 
that IS used in the active immunisation against plague This 
vnccinc was employed in Java. 

purutypltoid vaccine A vaccine previa rctl from killed cultures 
of one or iTiore of the bacilli causing purutyphiiid fever, .Vu/' 
monelh pamtyphi A. S, schoilmuelleri, and hinchfckUi. It is 



vaccine / $pcnccr-Farkcr vnccine 

givct> prophylaciiC;tlIy to confer imm unity a^'^ainst paratyphoid 
fever. 

l^nsitcur vaccine ANTlttAniJ=^ VAi.'tMNK <w pAsi t^.tlK. 
ptyrtuxivt.'c vAccinr A sterUe s,u^i>eitsion or fraction of ttilled 
Bonh'h'Uo piTfussis administered tt) confer active immtmity to 
pertu.ssis. It may be. combined with diphtheria and tetanus tox- 
oids in a single trivalent injection. Also called wlumpini^ t^myji 
vaccifw, vaccinum pctitixsix. 

poliomyelitis vuccinc 1 A sterile .suspeiuiion of three tyj^es 
of inactivated poHovjruscs. The viriiscs nrc grown separaieiy in 
m0i»key renal tissue culture!;, and arc then inaeiivah^i and com- 
biiKXt. The vaccine is aduiinistcfcd subculiLTicou.sly and confers 
active immunity apinst pnhott)ye4itts. Also crUlcd Saik vacdntL 
2 A suspension of one or a comt>inntion of ihfCC typOS of Hve, 
attcillialcd polioviruscs propagated separately in monkey kidney 
tis.sue culture. The vftcdne \ii administered orally and is an active 
immunising aj.',cnt against poliomyelitis. ThtK vaccine appears to 
t>c more ctlicacioirs than (he killed vaccine in preventing t|je 
spread of epidemic poliomyelitis. Also callcil S(Jhiti vacdnv, live 

polyvalent vaccine Ml,'l.nvAt.lvNT VacX'iNk. 
rscudomanas vxw:cifMS A vac^rinc made frOrtJ the anti][;cns of 
.*ievernl *t(raifiH of Psct4fiom<max acrnf^mosa anil usee! prophy- 
lacticidty to immunl/c p;i<tcnts aaivcly against future infection 
with I^xcudamtmax orpanism.s. Its effectiveness in irnprovtng the 
chances Ibr survival from massive burns is controversial, 
rabies vi»cci»« A sterile suspen.sioti of kiUcd» fixed rabies vini^ 
ohtaine<l from duck enibryo tissue previously infected with fixed 
rabies virus. The virus is itiactivated l?v jS-prtipiolactone. KabieS 
v.iccinc IS also available prepared m hurt)an diploid cell tissac 
culture for those allcrpjc lo thick embryo vaccine or wlio do not 
develop adequate antilxidy tiler lo the latter, AImi callal anri* 
rabic vaccine. 

riiidrr]Hr»t vjicx-inc A v;icc-iue preparetl with a living virus 
which has been attenuated by cither p^issagc through goats of 
through tissue culture cell hoes. It is* uiicd in cuttle to prevent 
riitderpcSt (cattle plaf;uc). 

Rocky MounlAixk Kt^illvd fwcr irwccinc A Sterile susjwn^iion 
of killed Ricki'ttsiit nckvti.sii which ix prepiirtxi by growing the 
organism on chick embryos, i'l^c vaccine is adThinistered sul>- 
culaneously as an active imnuini/ing agent agaln.^t Rocky 
Mountain s[)otted fever. However it luis been shown to be of 
dubious vahie, conferring only Itmircd protection against even 
small doses of infe<:livc rickcttsiac It i^^ seldom usal- 
Stibin vaccine roLiOMYi-Li i is Va<:cin»l 
Salk vacciri^ i»<>i.i<)MV»-'i.irJS vaccini-. 
Saucr's vuccinc A perlussi.s vaccine ticrival from freshly iso- 
lated fit rains of Bordt'tcUo pettussis. 

Scinplc*.s vaccine A mtxlification of Pasteur's vaccine for ra- 
bies prepared from rabl^it or sheet* f^pi<tjd cord infet-hxl with 
fixed rabicN vims and inuctivated with phcmO. The vaccine was 
admtnLsicrcd as a series of 14 daily intramusaHar inject i<Mis lo 
give i^ersons eXfx^Aed lO rabies a decree of immunity to the 
di.sease. Tt is now obsolete. 

smallpox vaccine A .suspensicm of living vaccinia virus ob' 
i.iincd from cultures of ;^ viru,s grown on the r^kin of vaccinatcti 
calves or sheep or on embryonalcd ciiiok mcmbfiuies. Available 
as a li<[uid or a freeze-dricd preparation, the vaccine provides 
long-term active immunity against smallpox. In effective im- 
muni/.ati(m. active viral infirc^ljoo is initia(C<l il> the skin liy gently 
puncturing the skin with the side ofa needle through a sus(>cn- 
sion of live virus. Also called jennrrian vatrtnt*, Vijrcinutn v<tc- 
dhfdtr, Vitccinum v<mukn\ variolovaccine. ♦ This vaccine is nO 
longer used, .since sm;dlpox has been eradicated throughout the 
world. 

Spencer- Parker vaccine R<x:ky Motmtain spoiled fever vaC' 
einc pr^rparcd (Votn ticks infected with Rickcttsio HtkcrrxH. 
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.staphylococcus vaccinia A vaccinr piep;iretJ from CllJtltres of 
one or more si rains of Siuphyhctxats. U lias been used in the 
irciitmcnl of some sfaphylococcal infections, especially recurrent 
furuuculosis. 

:»<roi»«ico«<:u$ vaccittc A visccinc prci>iirc<i froivi oiilnirt^s of 
Strcpt{K*(Kcux species. 

Str«nK*« viiccinc A du>Icr« vaccine [)rcpiti'ci.1 from n\u:loo* 
proicinfi of yihrio c./iolenic, 

TAl^ vrtccinc TYPUOii^ AND PAR ATYrHr>ij> vacx^ini:. 
(ctiiims vncclrtc tp.taniis loxoiD. 

triple vaccine DinrniLRiA and tktanus ro.xoiDS and 

Ki-Ut'riissis VA<X:lNK. 

(rivnlcnt vnccino A vaccine whh ihrec Klrniu*; or lyp^.^i of 
immnni/ine Mij^i^nl. Por cxoDipIc, trivalcixl poMo vaccim^ conKists 
of p<iIio iinmunolypes I, 2, and 3. 

tuhCf'CUl«>.Si.N vACXiiir. BCXji VACCJNH;. 

tutnremia viiecinc A vaccine uj^'airisl luliireinia pi'epin'e<( from 
cultures I^'rancisifih tifhtensis inactivated by j>licnoI« or yftor 
extraction by acctt>ne, or from lvirt<^rio) si ruin*; of li(tle vir«ienc<r. 
Tlic protcclion cOnfeiTtrd by the vaccine is not tibsohtlc. 
typhoid va<:c.iAe A stcnic sufijxosion o1* ^csx- or chcmiciil- 
killed SiihnoncUit typhi in a diluent containing no! leSTt ib;in One 
billion typhoiJ bacilli pci milliliicr. An active innnti nixing iigan 
against typhoid fever, it is administered subcutaneously U) per- 
son?; a( bi^ib risk for the diverts*; (for exnmpJe, iKifsons in or 
I raveling lo endemic areas, heal I h care perstnmei caring, for 
typhoid fever paticn(s). The dcf»ro<rof irnmimify conferred w not 
Kreat. Oral vaccines of killed or iiMcnuatctl typhoid bacilli have 
i\\m bwn used. Also ex^lk-d uttufyphohl vifirhu; vtnxiuum ry- 
phosum, wtcdnum anthyphicum, typhohacWrin. 
typhfnd i*tt<l p^raityphoitl vttccine A vaccine prepared from 
slerilc sllspension^ of-killeil Salmoncflu typhi, S. paratyphi A, 
and .V Ar/io///T(Hi>//<'r^ {formerly ^' paratyphi B) m<^ iidminii^tcrcd 
subculancously as an active immiinizin;^ apcni i.o persons at hiph 
ria- for typhoid ;*nd p.'tnttypboid fevers. Also chilled typhopar^ 
u typhoid vaccine, TAH vacciftc* x'iivciftutn typhasum cf puraty- 
phontim. Casfcihnrn vaccine. 

lyphoitl-ptti'iMyphoici A nnd und ch^'dcm taccjiU'; A mix> 
tine of sterile suspensions of killed Salmonella typhi i'. paratyphi 
A, ^; Kchottmuclhri (formerly pont typhi Bh ftnd V'ti^rio choh 
cntc. h is administered subctitaneoiisly in an effort to confer 
imnuinily to typhoid mid piralyphoid fevers and cholcm in 
pervious at liiRh risk for these diM^nscs, 
tyt>'**>i>^''^*ypHfMdl vHccinc TvnroiD and pakatyphoii") 

typhus viiecSnc A sterile suspension of killed Rickettsia prow- 
axekiif usually pniwn m cmhryonntert chicken c^^s. An nctive 
fmn)Uni/.in^ a^/cui n^itinsl epidemic Km.';e-h()rnc typhus, il is 
:ut ministered *iubcntancotwly. Alsio callc<l Cox yaccim*. epidemic 
typhuf; vaccine. 

tiitivnlcnt vrtccinc monovalkni vaccinl. 
varicella vaccine Uvc attcnuAlcff variccUa virus of the Oka 
stnun, developed in Japan as a vaccine a{^'nnst varicella (chick- 
eupox) and dci^ionsl ruled lo bccflective in conferrinj; protection 
as lalc as liiree days after exposure to inf'cctton and in children 
with miilienaocie^. Tl^e vaccine has been shown to Ix^ 100^ 
efficacious in preveniing vuricellu MX healthy ehildicn before 
exposure, 

voIp vaceinr. A vaccine prepared from eidtnrc^i of Myi^obac- 
(t*n'u^i Mfr/rA\ Ute eliolupc ajicnl of lubcrcuh>sis in the vole. T( 
has been used in tulKrculosii? prophyl«xi$ in I he ttame m;u)ner 
that HCX'f vaccitte i*i cnjployctl. 

Wcipl vnceine A type of typhus vaccine preporcd by infecting 

hee reeialiy with rickellsiue and emulsifying;; the louse intestines 

in a solution of phenol and sodium chloride. 

whooping coti^h vnccinc prRTTJSSis VArriNr. 

yellow tever vaccine 1 A vaccine prepared from live, atlcn- 



naial yellow fever virus fj;rown in chick embryos and then frcc7C- 
dr^ed. The recon<,litnte<l sohition is administered SulK'uIanrously 
to pnKiucc lonfi-lasting immunity (o yellow fever. 2 A vaccine 
j.iiepared from monsc hrain infected with the Trench neurotropic 
stfi^rn of yellow fever virus. It is administered topioiilly by scur- 
ificalion. Also cidlcd Dakor i'accine. 

T^nNver-OijiptJinrdn vnccinc A typhus vaccine iise<l in south- 
ern Mexico and derived from a combiniUion of Hivkctfsio pntw- 
OM*kif ^r\<i tftaosfri {murine rickettsiae). 



Vl^ecini;! [L vocci»{t^s) (from vu^ra a cow -I" -inu.\ -TNr.) rebltn^ 
to a cow i -I A J An acute infection caused by the v»ccini:i 
vifu^ iM\6 charnctcrir-rd by a localized pustular eruption. The 
infection slimulates antiluxly priHl uction which COnfej^n immu- 
nity to smalljH^x. A live vaccinia vir^is preparation is used as an 
active immunizing anient af;nin.sl smallpox. When a viral infec- 
tion (»f Mm nature occur;; in CiUtto it is c^dU^ri cowpox. Also 
called vaccina. 

chronic proRrc^stve vHce'ni* VACCINIA Nh:(:.Ki»SlJM. 
v»ecini» i>jirtiSrc»M»!tffl VAOriNlA Nr.rRORtiM. 
gon«tr3l(7^ yaecini^ A syslciuic titfection ^A'hich may oc-cur 
aKiUl tetJ days after smallpox vnccmation. The vaccinia virus 
appciirj; in the bU^odslream and a wideftpreiid vrsieubf rrt^h 
erupts bul leaves no scaji;. Also c;dlcd yaccihid, vocdniola. 
y\\<:.tMA tkircrosum A severe comphcati<m of Smallpox vac- 
cina lion chantoJeiij^ed by progre-sive necrosis at the vaccination 
site and at mcta.slatic sites due to unchecked viral growth. It 
usually ix^iurs in immunologically deficient subjects. Also called 
\vcciriia ^ttnj^jenosii, pro,qrc':.\iw mccinia, chronic prof^rcusivc vac- 
cinta. 

proj^ro-ttsi v<i vaccinia v a< :t ;t H\.\ N rLCR<>su M . 
'Vaccinial t'cnaininj; to or cjf the nature of vaccinia, 
vacciniri Ol-iNliRAl tyj-D vaCCINIa. 
vaccinifcr vaccin^x^ln. 

vacciniform \vaccini{u} I* -j*i.)KM) Vacciniidikc: Si«d Cjpc* 

cialiy of a rash- 
Tticcidioln orNrHAi.r/.h*i> VA<'-<^fNtA. 

vrtCCirtiiHUioii An outmode<i practice of repciUinp, vaccinations 
of an apeni or virus until it is ineffective and immunity is 
eomplelc. 

vaccirtOftCn "Hk a»Jn>al or other jMiurcc from which vaccine is 

obtained. Also called vacc'mifcr. 
viiccino);cn«us[wrn>ifr; f o I -oknous] Producinfi vaccine 

01 rcUUius to ii;i production. 
v»cci<ko^<l Kesen>blin^> vaccinia. 

v»ccinostyK^ A small poinlcil lancet useti for vaccination. 

v4tcctnotlicr»py The use i>f vaccine in the trealnieiit of disca:>c. 

vaccinMfn {l. (subsianiivc fnnn vact:inum, neul. of vaccinus re- 
la t i np t o a c<m'), vaccincj v a cct ^tu 
vuccinum uDtityphicuni rvrMr^ir> vA<T<-iNt^.. 
vaccjPMm pfietussis iTkl t.i.'iSi.s VACciNi;. 
vuccinum fyphosum ITPHOM.i vach:ink, 
vttccinum typh<»i*i"«* vt prttrttyphosjum TYprirnD and para- 
rVkHoio VAirC'lNli. 

v:iccinum vaccinuK'. smam.imjx vac:<;iNK.. 

vaccirtvm varloluc SMALT.rox VACriNt:. 
vueuoiar Related lt» or re.seniblin^ a vacuole.. 
vacuolate Containing; one or more vacuoles, A1?X> wttohtrd. 
vucuolated vacuolaix. 

vucuultttion {vacuoHi') + -ationJ TIjc formation of devclojv 
menl of vacuolc*i- AUo called vacuolization. 

V4)Cixole [French (from I. vacu(um) vacuum -I -oiuin -olii), a 
f-mall vaeuiiml t A minute clear r^epion in the cytopla.^m of a 
cell. 2 A mcmbnmc^imited chamber in the cyiopla.sm of a 



